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iSiy-mtt l>iU>IBI»ASSKVAiaA]m HAVING 
(57)Afa«lrfUl 

The iKesettt iav^oKm tetstes; {»«(^aaee K vsrisi^ lt3«B% & inodiilSBii mmt& x^fKfxx tg wiU-typc prMrittits;' K ttmitio acid | 
tc(j»tiAc«, ibe wild-type 3«)(^ieitc« ooD^isn^ 3 Sm t^ioit. « ssoMd to(^ tc^wfi. « titmi ioof) (tf ion, « fouith loop ttpm. \ 

a fifHi loop region and & Vocip rcf^km: wtKvem sfee toodtificd amiiw sod santeoce «<xBpns» d^lnm «mi»Q acids 1^ tNii onrnmns 
in wild-iype pntttwasB 1L sxks£mifssii «t idn«ifie4 iw«^i«ss fmsatat maet eiiSke iaep n^kMS vUta^ ihe |»awii»i«e 

K varittttt iw$ (lec(«ii«(4 s^so^ilcw to. ssS tacmsseil }Q!sM}«)t» of* <« ittHM^ «vlsQWtt » ztmpmtA tt> fhe wild-type pMieiiMse K. Tbir 
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ft m t^mBd that time loop regions 0^ a significant rote in the 
adsoq^ton dfthe €«^zpt^ ntc^l^stJe lo a syrl&K:e4K»iml peptide, and specific 
mutaicms In or)e or moi« cl these 

on this adsorpi^on. Whlid not wisNnsf to be bound by theory, it is believed 
that the loop iB^kms are importam to the adsorption of the Proteinase K 
rnoiecute for at least ^ reasons. Flrst» the amino acids which comprise 
the ioop regions cm make dose contacts with ar^ suffaces to which the 
moiecuie is exposed. Second, the pnsdmKy of the ioop regions to the 
acHve-sile and binding pocket of the Proteinaae K moiecijle gives them a 
nsie In the calalytfcaity pnxluc^ive iKl^K3(ptl<Ki of the enzyme to surface- 
boiimi sijisstraies <|^3tidesfpmteln st^s). 

As used h^eln, "Vaianf ' means ai mg^ffm having an amino adndl 
secjuence which diff^ers from that of wild-^pe. 

As i^ed herein, "mutant froteinase K D^iA" means a ONA sequence 
cxjdir^fcwa l^tjtainaseKvsyriaffrt, 

As used hefsin, ''wikt-type Prcrte»iase r^ers to an enzyme 
repr^w^ i»f SEQ ID NO.I . The anino ac«i sei^je»x» for Proteinase K is 
furth^ descfitjed l>y Gi8^ fA. and Gassen Troteinase K from 
Trtt^achitM} albcsn Lin^^: t^ia^c^iza^ d tim Chromosomal Gene and 
Expression of the dDNA In Esche^e coif, £UK. J. BtocHEM., Vol. 179, pp. 
185-194 (19^). irworporated herein refBrenoe. 

As used herein, the tenn Troteinase K wild-type amino acid 
sequence" encompasses SEQ ID NO:t as welt as SEQ ID NO:1 having 
modificalioos to the amino ««ad aeciuence otfaR- ih^ 
71. ^107, 133-140. 160-170. 190-194 and 2(^^. 

As used hensin, 1f»o» hydnophilic amino at^f refers to any other 
^nino acid hav^ greater hydrophiiictty than a mA^ect amino acid with 
f^ererKe to the hyciropNIicf^ ^Jle lietow. The Mowing hydrophiltcity 
tat}le (Table 1) Ssts ^no acids in descwwBng order of increasing 
hy^opNIidty {see Hopp. TP., end Woods, ICR, Tredictton of Protein 
Anltgenic Determinafftts from Amaio Add Sec^jences". Proceedings of the 
WmomL AcAoesY of Scipice um, Voi. 78. pp. 3824-^828, 1981. 
incorporated heresi by r^arence). 
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TABLE 1 



Hy<iRH?hfiic% Value 

Tfp 

-3.4 

Ph© 

-2,6 

Tyr 


leu, M 

-1.S 

Vai 

-15 

Met 

-1.3 

Cys 

-10 

Ala, His 

-0.5 

Thr 

-0.4 

Pm,Gly 

-0.0 

Gin, Asn 

0^ 

Ssr 

0.3 

Arg*^, Lys* Glu-, Asf^" 

3.0 


TsrtJle 1 ateo indicates iA*i«:h mmo acids cmy a charge (this 
charactenstic tmrig based on a f>H of lirom ^boiA The po^hivety 

charged wnm ackJs are Arg »td Lys, me negatively charged amirra adds 
&m Glu md Asp, and ^ ramamir^ amm acids are neutral. In a preferred 
enyxKfime^it of ih» |»sse»it swwtSon, the &t^stftytff>g anirto acid is either 
neutral or negatively cT^rQed, more pre^eiJly neg^tvely charged (i.e.. Giu 

*lt>0r**ft)re, for exsfr^ite, tfie j^SUNneiH "^Bti&ifi^i^ CUn ¥vHh an equalty 
or more hydropNIic smmo ackt which is neutrai or has a hegative change" 
mmm Gin woutd im sul»«tttiit9d ^wUh Asn (>«tilch is e(|uaiiy hydropNIic to 
GIR), or Sdf, Giu or Asp (y^itch ara mam hydropNIic than Gin); each of 
«4iich am naulrai or iiava a negattve chaise, and have a greatar 
^^cln^sliiidfy v^ue as tsaiip&t&6 to G^. LStounse, the statement "sul}8titute 
Pm yM\ a mm h^^cbPophSic spimo &iM viliich is n^Ji^ or has a negative 
dNarge" meafts vrai^ be sdbs^^ ^Mth Gh, Asa Ser, Glu or Asp. 

in fmm mt^kxud^me^ of the present »>v«tf^So«, ihe Proteinase K variant 
has a rmKii^ rnmno acid sequeru^^ of Bx^t^nti^ K wild-type amino add 
seq^.,^ice. \«taein me witd4ype mmo mM seciuence comprises a 
sti^slHi^ion at^ne or more posftions orje or more of the first loop region, 
the second loop region, the fliird Joc^ rsgioft, the fotifth loop region, the fifth 
ioc^ m^m or t«i sfxih iOHi^ rsi^; mhe^^st^ itM» Prc^inase K variant has 
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m (Su or S«f , 

When a sift^ltJkm occurs at ^^^ition itXi, 9m sutK^ituting amino 
add is Am, Mp, G3n, Gtu, Pm or Ser. 

Whsn a syt»stiUi!ton occurs at poison 101, the substituting amino 
acid js Asp or Glu. 

Vyhen a m^^tuton occurs al f)o$i^ 102, iNe substitutins amino 
acid is Asn, Asp, Otn, Qkut, Froor Ser. 

When 8 sutjstm^ton occurs at position 103, the substitutir^ amino 
add «s Asn, Asp, G!u or Ser. 

Whan a substtit;^ occurs at position 104. the substituting amino 
add is Ala, Asa A^, Cvs, Gtn, Glu. Giy. His, IJe. L«i. IMet, Pro. Ser, Itir or 
VaL 

When a substttulion ocmrs «^ position 1C^, lha sub^tuting amino 
acid is Asp or Giy. 

When a subsilfuiion occurs at posi^ 106, fha substituting amino 
is A^. Asp, dn, C^u. Giy, f*m or Ser. 

Whm a stisstfttiAton ocoss at posHioo 107, the substituting amino 
acid is Aia, Asn, Asp. Cys, Gfr!. Glu, <Sty, Hls» L«u. 11^ Pm, Ser. Thr or Vai. 
C. Sitostaiftkms m the Th^ Loop l^eq^ 

When a substitution occurs in the third loop region, the substitution 
occurs at ona or mors of positions 133. 134. 1^, 136, 137. 13d. 139 or 
140, wh^n 

When a stftj^iiiRion occurs at position 133. the substituting amino 
SKsId is Ala, Asn, Asp. Cys, Glu, Giy, His. Ha, mi. Pro, Ser. Thr or Val. 

When a si^tt^on ocoirs a& position 134. the substituting amino 
add is Asn, Asp. Gkt, Gtu, Pro or Ser. 

Whan a substl&ition occurs at posHion 135, fha substituting amino 
add Is Asn, Asp, Gin, G^, Proor Sar. 

When a substitution occurs at posi^ 138, the substituting amino 
acid IS Asn, Asp. Gin, Glu, Pro or Ser. 

When a substitution occurs at position 137, the substituting amino 
acid is Aia, Asn, Asp, Cys, Gin, Glu, Gly. His, He, Leu, Met, Pro, Ser, Itir or 

When a stiistitutiOR occurs at position 138, the substituting amino 

^:idlsA^of Gtu. 

When a sdbstMutkm oco;^ at postficn 1^. fim a»Jt>stituting amim 
add Is or (SH^ smd 


V<itm\ 3 sybsMkm occurs at pos^tm i40, ttm substitutir^ amino 
JS Asp CM- Gfti. 
0, Substitutions in tie Fourth Loop 

Wimn & m^ssHiMmn occurs in Ihs fot^ io^ r^ion, the miastitutton 
occaiTS M erne or rmsre ^ positois 1^, 161, 162, 1^, 164, 165, 166, 167, 
16S5, 1^ or im vAmmn 

Wm\ a ^.^st^icHf) oconrs at p^iioo 16Q. ^ substituting amino 
actd IS Asn, Asp. Gin, Glu, Pro or Ser. 

V^flf^ 3 sjIss^^i^oii co%b% at |3<s^SK3fi 161, tfie substNuQiiQ omino 
add is Asp, Gkt, Gtu or Sar, 

VMhen a substitution occurs at position 1€«2< the substituting amino 
acid is Asp, Gin. Qiu or Ser. 

V^hMm a s<i3StitiMk»n oco^ at posiUcHi 163, the sutertibjting amino 
acid is Asp, Gin, or Sar. 

When a substHuHon occurs at position 164, the substituting amino 
add is Asn. Asp, Gin, Giu, Giy, His, i^. Ser or thr. 

When a sub^^uHon occurs at posi^ 16S, the substituting amino 
add is Gtu. 

When a sdbstitutksn occuns at position 166, the substituting amino 
add is Asn. Asp, GH Glu, Giy, His, Pm, Sar or Thr. 

Whm a substitution occurs at position 167. the substituting amino 
acid JS A^ or Glu. 

)Nhm a si^tt(^ txxxm at position 1^ the substituting amino 
add Is Asp, Gb\, Glu or Ser. 

When a s^stitt^ occurs ^ positii»i 16S, the substitultng amino 
acid is AJa, Asn, Asp. Cys. Gin, Giu. Qy. His. lie. Leu. Met. Pro. Ser. Thr or 
Val. and 

mtmt a subslitutiDn occurs at position 170. the siJteliiuting amino 
acid is Asp or Glu. 

mmi a substitulion occurs in ttie fl8h ioop region, the substitution 
occurs at one or more of positioiw 190, 191, m, 183 or 194, virtierein 

Whan a suMtuMon occurs M. position 190, tl» substituting amino 
ac^ is A^cxr Giu. 

When a substili^ occurs a* posi^ 191, ti^ substituting amino 
add is Asp or Gtu. 

When a sufosMon occurs at posftion 192, the substituting amffio 
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add IS Ala, Asn, Asp, C^, Gin, Giu, Giy, His, lie, ten, Met, Pro, S^r, Thr, 
TyrorVal. 

When a suijstitution ocxairs al posttion 1S3. the substrtuting amino 
add is Asp or Giu. and 

Whan a substMuUon occurs at posiiian 194. the substiUiiing amino 
add Is Asp. Gin, Glu or Ssr, and 

When a sutistllb^ oocurs in tha sfx»i loop region, the subslilution 
occurs at one or more of postUons 203, 204, 2tSS, 206, 207, 208. 209, 210. 
211, 212, 213, 214, 215. 216. 217. 218. 219, 220, 221, 222 or 223. whemin 

When a stHjsStylion ocoms ^ posi^ 203, Ihe substituting amino 
add ts Asn, Asp, Oln, Glu, Pfoor Ser. 

men a substitution occurs at posmon 204, the sut)etituting amino 
add js Asn, Asp, Gin, Glu, Gly or S«"> 

mmt a st^bsititflon occt^ ^ position 205, the substituting amino 
add lis Asn. Asp, Gin, Gfu, or Ser, 

Whm a stJbstltu^ occurs at poslUon 206, the substituting amino 
add is Asn, Asp, Gtn, Gfa, Gly, Pro or Ser, 

Whan a substiUitlon occurs at position 207. the substituting amino 
^^isA^csrGiu. 

VWien a substitution occurs at positran 208, the substituting amino 
acid is Aid. Asn. Asp, Cys, G&). Glu. Giy, His, Leu. Mel, i>ro, Ser, Tttr or Val. 

When a subs^iuiion occurs at posiHon 209. tha substituting amino 
acid is Ala. Asn. Asp, Cys, Gin, Giu, Gly. His, lie. M. Pro, Ser. Thr or Vai. 

men a substitution ocoirs at position 210. the substituting amino 
ackjisAsporGlu, 

When a subaftltutiOR occurs at posiSon 211, the substituting amino 
add is Asn, Asp. Gin, Glu, Oly. Pm or $af. 

men a ^Jb^ltution oooi«s at position 212. the substituting amino 
acid IS Ala, Asn, Asp, Cys, Gin, Gi«, Giy, His, lie. Imn, Met, Phe, Pro, Ser, 
TIr, Tyr Of Vai. 

\Nhm a sub^ili^kHt occurs M posMton 213. ^ substituting amino 
add Is ^a, Asn. Asp, Cys. G!n, Glu. Gly. HiSi Leo, Met Pro, Sw, Thr or Val. 

V^ym m st^tiMion occyrs at posal&an 214. ttte substttutirtg amino 
add is Asp, Gin, GKi, Pro S^. 

men a substitution ocoffs at position 21S. the substituting amino 
fiEsd is Asn, A^, Qki, Glu, Pino or 
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When a st^i^ik^K^i ocors at pKiK^lim 216, tlie substftuttng amino 
add is m Giu. 

Whai a stis^iiScm txoufs at posjtjon 217, the substituting amino 
add is Asn, Asp, Bin, Giu. Gly, Pra or Sm, 

Whm a m^bsti^utlon occurs si position 210. the substituting amino 

When « «ub9tHiuiion occurs at position 219, Ute substituting amino 
scicltsAsporGiu. 

When a substttution occurs al position 220. Ihe substituting amino 
add is Ala, Aisn, Asp. Cys, Gtn, Giu. Giy. His, Leu, Met, Pto, Sar, Thr or Va). 

V^tiffln a sdlasS^tm ocojrs ^ posttsan 221, the »Mratttuttng amino 
actdisAsporOiu. 

Wirten a suttstituiiori oocurs poaltian 222. the substituting amino 
add is Asn, Asp, Gin, Gfei, PfoorSer, and 

When a substitution occurs at position 223, the substituting amino 
add is Asn, Asp, Oin, Gki, Giy, Pro or Ser. 

A frfi^emid fPKPl containa^ the vwkl type PfKrteinase K gene is 
constnjcted. lb& 2.8 Kbp Pwy II r^Jnctkm «i^ne fragment of ptasmid 
pyG119. (Vialra. 4- and lifessirQ, J.. "Pfo«juc^ d Single^tranded 
Ptasmid DIviA". 1 53 Methoos m BamoiO&f 3-11 {1989}) Is cloned into the 
Pm it sHs of plasmid pUBIIO (Baciiius Genatic Slock Canter, Columbus, 
OH1E9}. Tha pUC119i)UB110 hybnd plasmid is named PJMA601. Into 
pJMASOl is cloned the BmMis smjflo^queiwims »MMn gene. The 
8ut^tsin9enetsmodiriedloeonteintffi»38ffli^ One of the SainHI 
sites is between encoding Giy and Lys, the second and third amino 
acid residues of the pro regloa The other SsmHI «H» foBows the TAA stqp 
sequence. A Proteinase K cONA Is ampgfled Irom RNA using reverse 
transcriptase mvi the polymerase chain reaction wlt» o%onudeotides, each 
aar^lning a B^tiHI site in adtiBtion to setjwenoes i<3tentical to the Proteinase 
K cOMA. The iKi^tfl^ region consists erf Ihs DMA ejctending from ttte Ala 
al the begirawg of the pro re^on of Proteinase K to the carfaoxy terminal 
Aia ttie m^iSB pft^ase. The an^ified sesp^ is used to replace the 
DMA b^ween t«fO BamHI sites mXfm the BatMi^ amyloHqmi^imns 
subtiiisin gene. Pha^id PKP Is ftan^b««ed Into Escfterfcftja cofl Ung- 
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strain CJ236 s single strarsdstj uracil-corrtantffg DNA template is 
prodycBd using VCSMIS helper phgg© (KunloM, TA, J.O. Roberts and 
R.A, Zakmr, "R^'d and emamt sfte-spocrfic mutagenests without 
plwio^c selection", fttewoDS ih EK2¥M0tO0Y, Vol. 154, pp. 367-382. 
C1987): as mo<«fi«d by Yud^rtberg, F. Witn^. J. Getsselsoder and J. 
McCfery, "Sit©<firecA©d In vitro mu^tssrwsm using uracil-containing DNA 
aid phagemid vectors", Da^TED MuTASENESiS - A Practical Approach, 
«d. M.J. McPtwrson. pp, 27-48, <1991); both of which are incorponrted 
herein iiy reference}. A singie jarimer eite^recled mutagenesis 
modification of tfie method of ZOiier and Smith (Zbiier. MLJ.. and M. ^nith. 
"Oi^pnudeotide-ifirecaed mutagenesis using MlS^lerned vectore: an 
emctent and general procedure the production or 
fifasmsnt of DNA", Nuci^ AODS Research, m 10. pp. 6487-6500, 
(1982), incorporated herein by reference) Is used to produce all mutants 
Ct>a8tcaliy i» presented by Yvf^m^a&% et al.. 1991, above). 
O^^jmidec^ides are made mmg m Applied Biosystem Ina 3606 DMA 
synthesizer. MtAa^enesls mactton pmducts em transformed into 
^^^mkm COS strain wmiM (American Type CiMMe Coiledllon £ coff. 
3^5), Ait mi^s are confinned by DI*IA secjueiwing and the isolated 
DMA js trsK^sTonmd into the BatMts mOms expression strain BG2036 
{Yang, M. Y., E. Ferr^ and D. X H^iner, (1984), "Ctoning of the Neutral 
Pmtease Qerte of Ba(Mts suims ar^ ^ Use of the Cloned Gene to 
Create an kt Vttro-derived Oei€4km fc^sNton", Jot«»iAL of Bacteriology, 
Vol. 160. pp. 15-21), For some erf the ioop imrtoTts a modified PKP with a 
firameshifl'«top codon rmitation in the correspond!^ 
the uiacii templale. Oligonucleotides are designed fo restore the proper 
r^ng lirama and lo encode lor random substitutions at positions 64. 65, 
66. 67. 68. 70. 71. 95. 96, 97. 1^, 99, 100, 101, 102, 103. 104. 105, 106, 
107, 133. 134. 13S. 1^, 137. 138, 138. 140. 16a 161. 162. 163, 164. 165. 
1^. 167. 168. 169. 170, 190. 191, 192. 193, im, ^ 204, 205. 206, 207 
209. 210, 211, 212. 213. 214. 215. 216. 217. 218, 219, 220, 221, 222 
or 223 {e(^^nolar and/br variable mlKisures of all tour nucleotides fof ail 
tN«e bases al«wsecodons). Mi^igojrw tfat correct tor tlie framsshifl-stop 
and p'octoe a ftintcHor^ m^^nm mm idenS^ by ti^ir abiiHy to digest 
<^sein. TiieiwKlomsubstifeliorisam 
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The Saditos sitbms celts (8G2036) conttaimng a subtiiisin mutant of 
trstemst ^ ^omi to rnkf-to^ ph^ irt a orm liter euitwre of LB-glucoss broth 
and smu^ated itm a l^oslat ED f^mei^ (B. ^un Biotech, Inc., 
Aiiemown. I»em$y!vania) ^ a total volume of 10 lllers. The fermentation 
media cont«»)$ Yeasl BStm, starch, aniloem, butlers mi trace minerals 
<dee FsRiiEmATiON: A PRACTfCAL APPRCstAfiH, &1 B. McNeit and L M. 
Harvey. 1990). The taroth m k)^ el a constant pH of 7.0 during the 
fermentation run. CNoramphenicai Is acfcled for antibiotic eeiection of 
masagmwed pkBsnid. The are gmmxiimemi^ at 37*C to an A^of 
about 60 and harvesled. 

£xaflnple3 

The f^ment^ion braff) is taken ttvot^ the foiiowing steps to obtain 
piHe arizyme. The i^ott rs demed of Sae^us subtifis cells by 
centfifugaltan, and ciadfied by rsfnovifig fin© p»ticulat€K5 with a 1 0OK cutoff 
me«ift>r8m. This is followed t^ concer^too on a tOK cutoff membrane, 
mvi flow dislysis to reduce the tor»c strength as^d ac|u^ flie pH to 5.5 using 
0.02^ It^S buffm ^■iN-mmi(:^^^m}$^m'miiMo(m actd). The oizyme is 
^^Hw pufiBed bf loeei^ if ot^ e^er a eicd^s^^ chromatography 
column Gt m aii^r^ty adsorption chromatogrM^ t^oimm and eluting it from 
the ooiumn with a NaCI or a prof^iene gls>col i^:^:Sem {see Scopes. R. K., 

PROTBN PURIHCAHON PRIWCIPUES ANO PRAC IKE, Spf8ig9f-V^rlag, New Yofk 

(1S64), inocKporaled hnraHfi rsleTence). 

The pNA assay (DeiMar. EG.. C. Uirgmii, J.W. Brodrick and M.C. 
Geokas. Anal. Biochbi., Vt^. Sd, pp. 316^. {1079), inoofporated herein 
by relefence) Is tmd to determine tm active ans^me concentration for 
liraBtkjnscoliBctBd during gradiemeM^ Ttas ass^ measures the rate at 
wWdi p^iitroaniline is feleased m& the en^^ r^f<ftolyzes the soluble 
synthetic subslrate, s«cctnyl'alaniRe-atew*&i»oiine-p^ 
rtSno^Jide (sA^F-pNA). The fate <rf pffoduction of yellow ootor from the 
h^<ln%sis f^adion is manured st 410 rsn on a spse^hotome^r and is 
prqpcftiona^ to the adSve emyme oorK^niratiCKi. In addition, absorbance 
meesta'^nents at 280 rm are mod to d^eimfne the total protein 
concentration. The active enzyn^/tot^pf^n ra«o gi^m the enzyme 
pi^ly. £»td is used to identiiy fractions lo be poot^ fm the stock solution. 
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To avoki a&itolysis of fh& enzym© dmi^ stors^, an equal weight of 
pfcwier»e 0yco! ss a<3<j6d to ihe pocked fractois obtained from the 
cl'TOinatcj^pliy o:^unwi. Up<^ c(»«0©tk»i d the purification procedure the 
p«i% of the stock ara^me ^>Miton is d\eckeci with SDS-PAGE (socKum 
dodec^ mms p(%aayiamide eiecb^f^KtresIs) and the absolute 
mnzjftm concemratlon is (tetsfminsd vfe ai active ajration method using 
ttypsin inhitstof type il-T; tudss^ e^ ixtrchased fiom Sigma Chemical 
Company (St, touis, Miseouri). Tlw mmved convereion fectora wiH show 
vvhich changes ma(l8 In the enzyme mtHecute e^ 
in the enzyme vanamt haying increased activity over the wiJd-type, against 
the soM^ie substrate pNA, 

tn preparation fer use, the enzyme sM 
S8pliacte)c-G25 (Pharocia, PIscataway. New Jersey) size exclusion column 
to remove the propylene giycol and exchange the bt^. The MES buffer in 
the enzyme stcKik soHitlon is msitmQBd for 0.1 M Tris buffer 
0"rMf¥C^«xyJ«ethyl-aminor^^ containing 0.01M CaCl2 and pH 
a#jsfed to 8.6 with HCI> All experiments are wted out at pH 8.6 in Trie 
buffet' thennostated at 2S*C. 
H. <?haiac^m^ffr?n^yf^vafiams 

Modet SuifEK^ Pn^iaraikm 
Amstoproi^ controlled pore glass (CPG> ptffchased from CPG inc. 
(Fairileid. Mew Jmm^) m used as a su{^»»ft for covaientiy attaching the 
sAAPF-pMA substrate purchased from Bachem, inc. (Torrence, Calitomia). 
the reaction is carried out in dimethyi suf^de and <1-«thyi<3^3- 
(dlmethyMno)propyl| carbodifmide hydrocNonde) (£0C) is used as a 
coupling sgenl. Mpon eoiapi e tion Ononitorad by pNA assay), the excess 
sol^ is removed, and ^ CPGrsAAPT-^iA is rinsed with dlmetl^ 
sulfoxide (JOmO) and doub^lstlBed water. This 'm foHowed by oven 
dryirtg with a N2 ^ ^O*^- The reaction scheme and 
pr^?$^ation of the tmmobiiized substrate are condt^^ted as described br^ 
ensde, P,F. Ill, end D,S. Rauch, "SMSrtllisin BPH*; Activi^ on an Immobilized 
Substfste,"* Lmsmm, Vol, 8. p. 1325-1^9, (1992), torporMed herein by 
raferenca 

The CPS auifece M»tr have 62,CXJ0 ± 7,m0 molecules/n«i^. The 
surface area mil mmm i^ichanged from the vaiu© ctf 50,0m2/g reported by 
CPO Inc. for the CPO as reo^ved. This sugpsts that the procedure used 
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a |3©rtod of ^ seconds and itm date am tartsferrod to a Lotus™ 
spreadsiwet Dav^topmenl Co«poraiiQn, Oat^d^e, l^ssachus^). 
j%taiy^ iter tann^ {Jerarn^sfs is ocxy&ided by the standard Lin@i^«avar 
Butk anaiysis in wNch the data in the initiai part of tia run (generally the 
first minute) are m to a iinear regrasaion curve to give v^. The vq % 
data are plotted in the standard inverse fashion to give Km ar^ 
i' ^^fy^„f?y]Pl^inpse K variai^s 

Protetiiass K varianis of the present inven^on 
adsorption lo and increased i^^drolyais cT sur^soe bound sutistrates are 
«»mpiified in Tables 2-436. foelQwr. in describing the specific mutations, the 
origsiai mmo add occurringi in wiid-fype is given first, the position number 
second, and the substituted amino acid iNrd. 

TABUE2 

Loop 1 - Singie Mt^ion Variants 

Arg64Asp 
Arg64&lu 

GlySSAsp 
Gly66Gin 
Gly66Gltt 

Gly6€Ser 

Asn€7Giii 
Asa$7GXu 
Asn€7Ser 
Gly68Asn 
Giy68Asp 

GlyesGife 

Gly68Glu 
Giy68Pro 
GIy68Ser 
GiyTOSjsa 
Gly70A8p 
Gly?QGln 
<3Xy?0Giu 
Giy70Pro 
Giy70Ser 

Thr7iGiii 
Thr716iu 
Thr7lGly 
Thr7iPro 


1$ 


TABLE 3 


Asn67Ser + ThrllAsp 

Giy66Ser Thr7iSer 

i^g64Asp -f ThrTlAsn 

jRrg64Asp + Gly68Ser 

Giy66Gl« + GIy70Sex 

Arg64Giia + Giy68Ser 

Asn67<51ti + GlyTftAsB 
Asn67Gin + Thr71Asp 
Giy66Ser + Giy70A3is 
Asp6SGlu. + Giy70Ser 
Arg64GIu + QlylOhsn 
GiyS6Pro + Thr?lils» 
Giy70GIn "t- Thr7iGin 
GiySSGlu + Giy?OAsa 
AspfiSGiu + Thr?lSer 
Giy68Asp Gly70Gin 
llsp65GIu + Giy68Gln 
Gly70Gln + Thr71Asp 
Giy68Gln + Gly70Pro 
hsxiSlhsp Gly70Gln 
Glyg6Ser + Pisn€lGln 
Asp65Glu + GiySSAsa 
Giy68Asp + Giy70Pro 
Gly66Gln + Tfer7iero 

&rg64Asp * Gly€$Asn 
GlyeSAsn + Thr7XGiu 
Giy66lt5n Thr7XGlu 
Gly6SSer + Thr7X&sp 
Gly68S6r >«• Thr7lGly 
Gly66S«E -i- Gly6aGiTJ 
Giy66Glii + Gly?OSer 
GiySeGiu + Gly70Pro 
Arg64Giu + Gly^OPro 
AspfiSGlu ^ Thr7lGly 
Arg64Giut + fhr?iGiy 
4Mfp€5Gla + Giy70?ro 
Arg64Asp + Giy68Gla 
Arg64Slu ♦ GIy€8Fro 
GIy66ftsa » 6Iy70S«r 


Loop 1 'im^ Mtg^km Vadwtts 

Asii67S«r + GiyfiSAsp -t- Gly70Ser 
Asa€?Asp + Giy703ksa + Thr71Gly 
^rgS4Glu + GiySSasn + Gly70P3ro 
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4 

Gly68Ser 


Gly70S€r 

Asp65Gi« 


GlylQGlii 


ThrllGln 

(31y66Glu 

+ 

GiyeSPro 


Gly70Asn 

Arg64Asp 

+ 

Gly66Ser 

+ 

GlylOGln 

Gly€6GiG 


AsnS7Giii 


Gly68€Xu 

Gly66GlU 


ifiusu€7Ser 


Tbr71Pro 



Gly€8Pro 


Tfcr71GXn 

Arcf64Glu 

+ 

Giy66Gln 

4- 

GXySSGXn 


4- 

Gly68S«r 

+ 

Gly70Pro 

Arg64Asp 


GiylOGia 


Thr71GXy 

Asp65(5Xu 

+ 

GXy68Gla 

+ 

GXy?OSer 



Gly^SPro 


GXy68Sex 




+ 

Tfer?XGXy 

Ar064Giu 


Gly68Pro 


Titr?XSer 



Gly70Ser 


Thr7iGly 

ArgS4Glu 

+ 

Gly70Pro 


Thr71GXn 

Asp65Glu 


GlySSGXn 


Gly70Gln 

Gly6€Fro 


GXyeacXn 


Thr71Pro 

Gly6€Glu 

+ 

Asn67Gln 


Gly70Pro 

Giy6€Gltt 


Gly?oser 


Thr7XGXn 



Giy68GXn 


GXy70Asn 

Jirg64GXu 


Gly6€Ser 

+ 

Ttir7XPro 

Asp6SGlu 


Gly68Ser 


Gly7DAsn 

Asp65Glu 


Asn67Ser 


Gly70Ser 

Arg64Glu 


GXy66Ser 


GXy70Pro 

jlsp6SGlu 


GXy?OGia 


Thr?XGXy 

Asp65<31u 


Giy68A«a 


GXy70JSi«n 

Gly68Asn 

+ 

Gly70f>ro 


Thr71Asp 



Gly$$S«c 

+ 

Gly70Pro 

(^xyoosASxi 


Giy&SGlU 


Giy70Gla 


■I- 

GIy$8GXa 


aXy70As)tt 

Gly66Slu 


Giy68Pro 


Gly70GXn 

Asn€7Asp 

+ 

GlySSGlu 


Giy7QSer 

Asng7Asp 

+ 

GiySSRsp 


Giy70Asn 

J^rg64J^p 


Asp65GXu 


l^n67ser 

J^g64&sp 

+ 

Asp65&lu 

+ 

GXy70Pro 

Arg64Glu 

4- 

AspSSGlu 


Asn67GXn 


imjES 

Loop 1 - QNiiadNpte Mt^lon Vagfamfe 

iispSSGlu + Giy68i»ro + Giy70SoSa + thr7lAsn 
Asp65Glu + Asn67Gln -t- Gly68Gln + Gly70Ser 
Giy65GIu + Asn67Gin + Gly68Asn + Gly70Gln 
Asp65Giu + GIy66Asn + Gly70Ser + Ihr71Gir 
Ast^67Gln + Giv68Gi-a + Giy70Gin + i:hr71GXy 
Arg64Glu + Gly66Gin ^ Gly?OAsii ^ Thr71Gln 
GXySSPro -t- GlyoSSer Gly70Asn + Thr71Gln 
Arg64Glu + Giy68?ro + Giy70Glj:i + Thr7IPro 
GlySSGiu + Gly6SPro + Giy70Asn + Thr71£'ro 
StSp65Giu + Gly€6Glu + Asn67ser + Gly70Pro 
Asp€5GXu + Gly6€Asp + GiySSASJi + Thr71Sfer 


Asp65Glli 


GiySSGiu 

IS 

Gly68Pro 


Gly70Ser 



Gly66Glii 

+ 

GlylOAsn 


Thr71GXn 



Asp65Glu 


Asn6?Gin 

+ 

GXy70Asn 



AspSSGiu 


Gly?OPro 


Thr71Gln 

Giy66Glu 

+ 



Giy$0Ser 


Giy70Sef 

GXy6€Glu 

+ 

ilsn67GIu 


Gly70Asn 

+ 




GXy6&ii^p 


&sn67GXu 


GXy68Ser 

Arg646iti 

+ 

j&Sp65GXu 


GXy66jlisp 


Gly68Pro 

Gly€6GXu 

+ 

Asn67Asp 

+ 

Giy6aAsp 

+ 

Giy70Asn 

Asp65GXu 


Asn67GXu 


Giy68S«r 

+ 

Gly70Gln 

Asp€5GX« 

+ 



Gly68GX» 

+ 

GXy70Ser 

Asp€5GiU 


jBjsn,67GXtt 

+ 

GlySSGln 


GXy70Asn 

A$p65GXu 


GXy66Asn 

+ 

Ksa67GXu 


GXy70Pro 

ASp65GXu 


Giy6€ftsp 


Gly68Asp 


Thr7lAsn 



GXy«6GXis 

+ 

Asn67Gin 


6Xy68Asp 


TABLES 

Loop 2 - Singte Mota^cHi V8ffia«tts 

Val 95Ma 
Vai B5hsn 
Vai SSAsp 
Vai 95Cys 
Val 95Gln 
Val 95Gi« 
Val 95Giy 
Vai 95His 
Val 95Met 
Val 95Pro 
VaX 95ser 
Vai 95Thr 
Leu 96Ala 
Leu 96Asn 
Leu 96asp 
Leu 96Cys 
Leu 96Gln 
Leu 96G11J 
Leu 96Giy 
Leu §6His 
Leu 961 le 
Leu 96Het 
Leu 96Pro 
Leu 96Ser 
Leu S6Thr 
Leu SSVal 
Asp 97G1U 
Asp 98Glu 

Asii :59GX» 
Asn 99Glu 
99Ssr 
GXyXQO&sn 


J9 

GlylOOGIn 
GiylOOGiu 
GlylOOPro 
GiylOOSer 
SerlOlAsp 
SeriOlGiu 
GlylOSAsti 
Glyl02Asp 
GiyIQ2Gin 
Giyl02Glu 
GlyX02Pxo 
GIyl02Ser 
GinlOSAsn 
Glnl03Asp 
Glnl03Glu 
Gl«103Ser 
Tyrl04Ma 
Tyrl 04Asii 
Tyrl04Asp 
Tyrl04Cy3 
TyrlD4Gln 
Tyrl{)4Gly 
Tyrl04GIy 
Tyrl04Hi& 
Tyri04Ile 
Tyri04Leti 
Ty£l04Het 
Tyri04Pro 
Tyr 104S*r 
Tyrl04Thr 
TyrI04Vai 
S«ri05Asp 
SetiOSGlu 
ThrlOSAsn 
ThrlOSAsp 
Thrl06Gin 
ThrlO^Glu 
ThriOfiGly 
Thrl06Pro 
Thrioeser 
Ilei07Ma 
lieiQ7Asn 
ilel07Asp 
Ilel07Cys 
Iiei07Glii 
Ilel07Gi« 
IlelO?Gly 
Ilei07His 
Ilel07Leu 
Iiel07M©t 
IielO?Pro 
Ilel07Ser 
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TA8tE7 ^ 

Lo<^2 ' DoiMB fc/lut^ion VaffarHs 
Val SSGlii + SerlOlGlu 
Tyri04His + IieI07Asp 
Val 95G1« + lXeX07ilsn 
Asn SSGln + GXnX03Asp 
Leu $6Gly + SsrlOSGlu 
Vai 95Het + GXnX03A5p 
serloiAsp + iXeXO?Tfejr 
VaX 95HXS + Asp 97G1U 
Asp 98Giu + Tv'ri04Leu 
lasu S6Cys + Asp 97Giu 
Gl»l03GXu + TyrX04GXii 
GlyXOSSer TyrX04GXy 
teu 9«AXa + IhrX06Pro 
TferX06Gin + IXeXa7Asn 
Asn 99GXn lXeX07Asp 
Asn d$GXu + ThrXOSGXy 
GXyX02]Pro + GXnX03Asp 
Asn 99Asp + Xyri041?hr 
Leu 96IXe + SerXOXGXu 
VaX 95GXy + GXnXOSSer 
Tyri04i.ey + SerXOSGXu 
GXyl02Asn + XyrX04Pro 
Leu 96a^p 4 XXeX07Leu 
Asp 98GXU + GXyX02Asn 
Leu 96Pro + GXyXSOGXu 
SerXOiAsp + ThrXOeSer 
GXyXOQSer + GXnXOSAsn 
GXyX02Fro + TyrX04Thr 
Leu 96GXu + lXeX07Leu 
Leu 96IXe + GXyXOOAsp 
GXyXOOPro + lXel07Ser 
Asp 97GXu + Asn 99GXa 
Asp 9?GXu IX«X07Cys 
GXyX02Ser + GXnX03GXti 
GXyXOOAsa + tyrX04Asp 
GXyXOOPro + thrX06ftsp 
VaX 95I*ro + Asp 97GXia 
VaX 95Tbr + GXyXOOGXu 
thrXOSPro + IX«i07GXu 
SerXOXAsp + GXyX02Asn 
SerXOSGXu + IXeX07Thr 
Asn 99GXn + SerXOSASp 
GXnXOSSer ♦ IXeXOTKet 
Lftu 96Asp + ThrX06GXy 
VaX 95Tlir GXyX02asp 
VaX SSAXa + serXOSAsp 
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GlylOQAsti 


Glnl03Ser 



ThrX06Gin 

Leu 96&sn 


SerlQ3Asp 

GlylOOGiu 


Giyioapro 

<3lBl03Asp 


Ilel07His 

Tyrl04Ala 


IleXOTPro 

lisp 97Gi« 


IieiO?Pro 




Val 95fhr 

4- 

Asp 98GXa 

GlyiOOGl» 


Thrl06Giy 

Asn 99G1» 

+ 

Gl»i03Ser 

Vai 95His 


SeriOSAsp 

Giyl02Pro 

+ 

Ilel07Aia 

Asp 97Giu 

+ 

GlylOOGln 


TABLE e 


Loop 2 - Tr^ R^ut^ton Var^inis 


SerlOlAsp 
Val 9SASI3 
Ginl0361u 
VAi dSCys 
Val 95His 
Leu 9 6 Pro 
Val SSSer 
Leu 96Cy& 
VaX 95Sar 
Lett S6Gl»i 
Leu Satet 
Lsu 9€His 
Asn 99ABP 
val 95G1& 
Leu 96A5n 
Asft 99Asp 
Vai 95Het 
Val 95Ma 
Asp 97G1U 
Leu 96Tbr 
Tyrl04i4et 
GiyiOOSer 
GinlOSAsn 
Val Bm&t 
Leu SSHis 
GlylOQAsn 
Glyl02Asn 
Val 9S«et 
Val SSAsp 
Giiil03GIu 
Val 9SHet 
Val 95Ser 
Val 95Pro 


Leu 96Thr 
thrioeser 
hen 96Asn 
Tyri04Ser 
Leu 96G1U 
Tyrl04Thi' 


SerlOlGlu 
lielOTLeu 
Asp 98G1U 
IIel07Ser 

Glyl02Ser 
SerlOSGlu 


Asn 99Asp + Glnl03Ser 
Leu SSABp + GlnlOBSer 


+ Giyia2Gin 
+ Leu 96His 
+ Glyl02f^ro 
+ Ask 99ser 
SerlOlAsp 
GlylOOAsn 
GiylOOAsp 
tyrl04Glu 


Iiea07Leu 
ThrlOSPro 
Ser lOSAsp 
Sen OSAsp 
TyriOWal 
Giyl02Ser 
ThrlOSPro 
lielOlGln 


Glyl02Ser + Tyri04His 
Leu 96Gly + GlyiOOPro 
Asp 98G1« + Asn 99Ser 
Tyrl04Thr + IleX07His 


GlyX02GIn ■ 
+ Thrl06Glu - 
+ Ginl03Asn ■ 
+ Tyri04)Pro ■ 
+ Asp 98G1U ■ 
+ Asp 9?GXy ■ 
+ Glfil03Sei: - 

GlnX03GXu - 
^ GlylOOSer ■ 
4' Leu 9Q4et * 


GXnXOSAsp 
Ilel07Leu 
Tyrl04Ile 
thri06Glu 
Asn 99Gln 
Ilel07Met 
SerlOSAsp 
ThrloePro 
GlyX02Asp 
TyrX04Asn 


+ 7yri04Cys + Ilfil07Asn 
4- Leu 96Iie + Tyrl04Met 
* SerlOlGlu + TiirlOSGly 
+ Asn 99Asp +■ GiylOOSer 
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GlylOOS^r 4 SXnlOSGly + IlelOlVal 
GI»103Asp ^ TyrlOWal + lielOTHis 
GiylOOGin + Tyrl04Met ♦ ThrXSSAsp 
Asn 99Asp + GlylOOSer + Tyrl04His 
SerlOmsp + Giyi02Asp + Gltil03Ser 
Asp 9BGlu + Asn SSt^tsp + Tyri04Ala 
Asp 98G1U 4. Asii + GiylOOGln 

Glyi02Asp + GlnlOBftsp + fhrl06Gln 
Tyri04Gla + SerlO&Jlsp + Thrl06Pro 
Asp ^iGln + Asp 9SGlu + Tyrl04Thr 
A«p 97Gia + Asp 98Giu + Asn 99asp 
Asn 99Asp GlylOOAsp + SerlOlGlu 
Ginl03GI« + Tyrl04A5p + IielO?Glu 
Leu S6ai\j + Asp 97Giu Glyl02Asp 
L«u 9gSiu + SerlOlAsp + GXttX03Asn 
Asp 976iu f GlylOOAsp + Ilel07His 
Asp 97Gitt + Asa 99S€r 4- GiylOOAsp 
GInl03Asp + SerlOSGIu + fhrXOeAsn 
L6ti 96Ser + SerlQSAsp + Iiei0?Asp 
Asp 97Giu + SerlOlGlu ♦ GinlOSser 
Asp 37Gltt + Sexl'OlGlu + Tyrl04Met 
Asn SaAsp + GiyiOOSer + SerlOlAsp 
GXnlOSAsp -I- tyrl04His + IXeX07Glu 
Asp 9?Gitt + slyX02Gi« + fyrl04?ro 
VaX 95ASP -»• GXyX02Glu + !fyrl04Gly 
VaX 95ASP * Asp 97G1U * IXeX07Asn 


TABLES 

VaX dSGln + Asp 97GXu + GXyXOOS«r + IXeX07Gin 


VaX 

95ssr 


Leu 96Pro 


Asp 97GXU 

+ 

GXnl03Asn 

Leu 

96GXn 

+ 

GXylOOSer 


SerlOlAsp 


ihrlOfiAsn 

Vai 

SSCys 


Asp 9?Gi« 


GlyiOOGiSi 


GXyXOaser 

Leu 



«XyX02Asa 

+ 

SerXOSAsp 

+ 

Ilel07Gln 

VaX 

95S«r 

+ 

SlylOOGXn 


SeriOXGlu 


IXeX07Asn 

Leu 9€ai{et 


SerlOI€lu 


GXnl03Asn 


ThrlOSPro 

Asti 9dAsp 

+ 

GlylOOPro 

+ 

Glyl02Ser 

+ 

fyrl04AXa 

GXyXOOPro 


GXyX02Pro 


ThrlOSGXy 


lXel07GXu 

VaX 

95Ser 

+ 

GlylOQGXn 


SerXOXAsp 


GlyI02Pro 

VaX 

95GXy 


Leu 9€Val 



+ 

lXel07Asp 

Vai 

95GXa 

4. 

Leu 96VaX 


Asn 99ASP 

+ 

2XeX07!Phr 

Leu 

96Ser 


hsp 97G1U 


ThrlOSGln 


IXeX07Met 

Leu 

9€Thr 


Asn 99Gixi 


Tyrl04Val 


Ilel07Cys 

Asia 

asexu 


GXyXOOGia 

+ 

GXyl02Asn 

+ 

GlnlOSSer 

Val 

95Giy 

+ 

SerlOlGXti 

+ 

GXa203Ser 


Thrl06Gly 

VaX 

9SAsn 


Leu 960Xn 


Asp 98GXu 


GXyXOOAsn 

Val 

SSCys 

+ 

GXyX02Fro 


Tyrl04VaX 

+ 

IXel07Asp 

VaX 

95Ket 


Leu 9m^t 


GXylOZGlu 

4- 

tyrl04Thr 

VaX 

95Asp 


Leu 96Cys 


fhrXOeser 

■f- 

IXel07Gly 

Leu 



GXyXOOGIu 


SerlOXGXu 

+ 

Tyrl04Cys 

Asp 

9SG1U 


Asa 99G1U 


GXyl02Asn 


IXeX07Ser 


2S 

Vai 9SSer lisp 97Glyi + Asp 9BqIu + Asu 99Ser 
Val 95Giy + BlQln + Asp 98Gi« + Tyrl04Ile 
Leu 96GXy + Asp 9?Giti -f- Asp 98Giu + Asn 99Asp 
Asp 98G1U + Asa 99Giu GlylOOGlu -f- Thrl06Gly 
Leu 96Giu + Asp 97GIu + SerlOlAsp + Tyrl04Ile 
A«p 9?Gi« + GlylOOAsp + SerlOlCiu + Tyrl04Leu 
Asp 97Giu + Asp SSGlu + GlylOOGiu + TyrlO^Met 
GlylOOGlu * SeriOlAsp + GIvl02Asp -f- IleI07Giy 
Vai 95Met + Leu 96Giu + Asp 97GIu + Glyl02Asp 
Asp 9?Giu + GlylOOGiu + Tyrl04Aia + Thrl06Gln 
Asp BlGln ♦ Asn 99Glw + Tyrl04His + ThrlOfiGly 
GlylOSSer + GinlOBAsp + SerlOSAsp + ThrlOSSer 
Asp 97Giti + S^rlOiAsp + Glyl02Pro + Tyrl04Ile 
Asn 99Asp + GlylOOGin + SerlOlAsp + Thrl06Pro 
Asn 99Asp 4- GlyXOOSer + SerlOiAsp * Ilel07Cys 
Glyl02Ser *■ Gini03Glu + SerlOSAsp + Iiel07Asp 
Asp 98G1U + GiylOOGlu + SeriOlGlu + Glyl02Gln 
V«i 95Giy -r Asp 9SGiu + Asn 99Glu + SerlOlAsp 
Asp 97Giu T Giyl02Asp -(^ GinlD3Ser + Ilel07Met 
Lea 96S«r Asp 97Glu GlylOOGlu + Glyl02Glu 
Val 95Ttir + Leu 96Giu + Asp 98Giy + SerlOlAsp 
Glyi02Giu + Tyrl04Ala + SerlOSAsp + Thrl06Asp 
Leu 96Ket + SerlOlAsp + Glnl03Glu + Ilel07Gin 
SerlOlAjsp + Glni03Asp ■; tyrl04Ser ^ IlelOTThr 
Asp 98G1U + GlylOOAsn -f- SerlOlGiu + TyrlOWal 
Val 95GIU + Glyl02Glu + Glnl03Asn + Tyrl04Glu 
Vai 95Thr + SerlOlGIu + Gliil03Asp + llel07Glu 
SerlOlGiu + Ginl03Asp + TyxlQAM^z + I1g107G1xi 
Vai 9SG1U + SerlOlAsp + Tyrl04His + Ilel07Glu 
Vai 95Gly * Asp 97Giu + Glyl02Glu + Thr:06Glu 
Vai 95Ser ^ Leu 96Asp + Asn 99Gii3 + Glnl03Glu 
Leu 96GXU - Giyl02Asn + Tyrl04Gln + Thrl06Glu 
Val 95ASP + Asp 98Giu + GiyiOOAsp + Thrl06Gly 
Leu 96Gili + Glyl02Asp + Ginl03Ser + SerlOSGlu 
Gly looser + SsirlOlGiu + GinlOSAsp + SerlOSAsp 
Val SSHet GiylOOGlB + Glyl02Asp + Ilel07Asp 
Leta 9€Ala + Asp 97Giu + SerlOlAsp + Ilel07Asp 
Leu S6Gln Asp 97gltt * 6Ial03Asp * IIel07Glu 


TABLE to 


Loop 3 ^SOTQteMulaiiCTi Wants 



lieul33Asn 
L3!Ul3aAsp 
LeuX33Cys 
LeuX33Slii 
L«ul3301u 
Leui33Giy 
Leui33His 
L«ttl33Ii« 
L«iil33Met 


wcmmmms 


Leui33Pro 
Leul333er 
i;.««l33Thr 
Leul33Vai 
Giyl34Asn 

Glyl34Gln 
GlyI34Slu 
Giyi34Pro 
<5iyl34Ser 
GlylSSAsn 
Glyl3SiRsp 
Glyl3SQin 
GlylSSGlu 
Glyl3SPro 
Giyl35Ser 
Giyi3€2ksn 
GXyl36Asp 
Glyl3fiGln 
Glyl36GlU 
Glyi3€Pro 
Glyl36Ser 
Tyri37Ma 
Tyri37Asn 
Tyrl31Asp 
Tyrl3?Cys 
Tyrl37Gln 
TyrX37GX« 
Tyri37Giy 
Tyrl37His 
Tyrl37lie 
Tyri37Leu 
TyrI3?Met 
Tyri37pro 
Tyri37ser 
Tyrl37Thr 
TyrX37Val 
Serl38Asp 
Serl38Glu 
Serl39ftsp 
SerI39Giu 

5«rl40Glu 


TABLE 11 


Lmxp 3 - Ppybte Mulgtlon Vmrn^ 
Glyl34Asn + Serl40Asp 
L6Ul33Md + Giyi35Glu 
I.^133Thr + S©rl39Asp 
Leul33Gln + Serl4aAsp 
Glyl36Gln + Serl38Giu 
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GIyl34Ser -^ SsrXSSasp 
GiyiaSFro * SerlSSIisp 
Glyl35Asn + SeriSSAsp 
Glyl35Glu * GXyl36Pro 
I,eul33Ile + 5erl40&5p 
teul33Cys + Seirl40ltsp 
Giyl34&sn + Slyl3SPi:o 
I,eul33Cys + SlylSfiAsp 
xyrx3"?Asii + Seri39!/lsp 
Glyi36Asn + Serl40GXu 
Glyl34Glii 4- Glyl35Pro 
Tyrl3?Met + S«rl40jRsp 
GiylSSGln + Serl39Glu 
Tyri37Tlir + Seri380Xu 

1. eui33Asn + Serl39Glu 
Glyl35Ser ♦ Giyi36Gln 

2. ettl33Giy + Giyl36Ser 
Lettl33Ma + Tyrl37His 
X,eul33Val + Giyl36Giu 
Tyrl3?Ile Serl39Asp 
Leui33Ilfe + Tyrl37Glii 
Giyl3€Ser + Seri40Asp 
GlyX34Asn + Seri38GXo 
GXyl34Ser + S«rl38GXii 
GXyX35Ser + SerlSS&sp 
Giyl3SSer + SerX40GXu 
Glyl36Ser + Serl38GIu 
LeuX33Giu + Glyi 34^513 
L«iil33GXu + 6Xyl35GJja 
Glyl35&sn * Tyrl37GXu 
Tyrl37Tlir + S6rl39Giu 
Tyrl37AXa + SerX 39Giu 
Giyl34Glii + Tyrl37Gly 
Glyl3SPro * Tyrl3?His 
LeuX33Pro Serl38Glu 
LeuX33Thr + GXyX35Ser 
SiyX36?ro + Seri38Slu 
Glyl34Sei- + SerX40Asp 
Lfettl33K«t + TyrX3?Ala 
Tyrl37Val + SeriSSGXu 
Glyl34Pro + Serl40Glu 
Lftul33Thr + TyrX37Ser 
GXyi35Glu + GXyX36AsR 
Lewisaaia + $erl40Glu 
Glyl34GXa + SerX39Giu 
Leul33Pro 4- TprX37GXy 
Letil33¥aX + GlyX36Ser 
Giyi363i«p * Tyrl37Pxo 
Slyl3a&sti + Tyrl37VSX 
L#Ui33Ma + S€xX38Asp 
GXyX35Gln 4- GIyl36Pro 
Tyrl37Met + Seri38Glu 
l*ttl33GXn + Tyrl37Asp 


Tyrl37Ser ^ Serl38<Siu 
GIyI34asp ' Glyl35Pro 


TA8t£l2 


Leui33Cys 
Leiil33Il€ 
I,eul33Qly 
Leul33Gln 
LeiiI33A$p 
Leal33Val 
GlyXSSasn 

Glyi34Pro 
&lyl3SAsn 
Leul33Ser 
Glyl34Gltt 
Glyl3oasn 
L8ul33Il« 
Leul33Ket 
Letii33Val 
Leui 33Asp 
GlyI35Pro 
GlyI36Gin 
Leul33Ser 
l.eul33thr 
Leul33Ile 
GlyI35<3Iu 
GlyllSAsn 
Leui33Met 
Glyl34Pro 
Glyl35Gin 
GiyX36Ser 
Glyl34Pro 
Glyi34S«r 
Leul33Thc 
Glyl34Gin 
Giyi34Pro 
I.€tii33M€t 
Leui33S«r 
Glyl36GiR 
Leul33Iie 
Leul33Ala 
Leul33i^n 
Glyl36Asri 
Glyl35Asn 
LeuX33&sp 
Leul33Jlsp 
I^«i33Gly 
Tyri37Ser 
Glyl34Gln 


Giyl35Gln + Tyrl37Glu 
Glyi34Ser + GXyl36Glu 
+ Glyi35Giu + Tyrl37Val 
^ Giyl35Gin + Sei:139Asp 
t GlyX35Pro + Tyrl3?Asn 
^ GXyl35GXn + GXyX36Ser 
+ Tyri37lie + S«rl3SGlu 
■t- GXyX36Pco + Serl40Asp 
+ GXyl36Pj:o + SerX38GXu 

- Tyrl37il6t + SexX38Asp 

- GlyX36ftsii + Tyrl37VaX 

- GXyX35Ser + GXyl36Pro 
^ Tyrl37Het + SerX40GXu 
-i- Glyi36Pro + Tyrl37Glu 

* GXyX36Gin + Tyrl37Gln 

* GXyl35Pro + SerXSSAsp 
+ Giyi35Gln + Tyrl3?Cys 

- TyrI37Met + Serl38Glu 
+ TyrX3?Gly Serl^OAsp 
+ GXyX34Pro + Serrl40Asp 
+ GXyl34Asp + GXyl35Pro 
+ Glyl35Asn + Serl39GXu 

* Giyl36Pro + Tyrl37His 
Giyl36Pro * Serl40Glu 

* GXyl34Ser -f- GXyX36Gln 
+ GXyl35Asn + Serl40GXu 
+ Glyi36GXrv + SerX38A5p 
+ tyrl37Het + Serl38Glu 
+ Glyl36Ser + Serl39Asp 
+ TyrX37Tiir + SerX38Asp 
+ Glyi34Pro + SerX40Asp 
+ GiyiSSPro + S6rX40GXtx 
+ TyrX37His + $erl38Asp 
+ GXyX34GXn + Serl39Asp 
+ GlyX34A3iv * SerX38GXu 
-i- tyri37Ma + SejrX39Glu 

Giyl36Asn SeriSSAsp 
+ GlylSSAsp + Giyi36Pro 

Serl3SAsp + Serl39Glu 
+ S«E:X38Asp + SerX39Asp 
+ Seri38Asp + S«rX3SGXu 


Giyi34Asp 
GlyX34Giw 
GXyX36GXu 
S€Cl39GXu 


Tyrl37His 
GiyiSSPro 
Tyri37Asp 
SerX40Asp 
SerX40Asp 
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Giyi36Asa * Serl39asp + S;erl40Glu 
Tyrl37i*ro 4- S«ri393^p Ssrl40Asp 
Glyi3$S€r Tyrl37Gi\J + Serl38Glii 
Serl38Asp + SerI39Asp Serl40Asp 
1'yn37Gla + s$ri38Asp + SeirI39Glu 
Iyrl37Ala + Serl38A«p + Serl40Asp 
Tyrl37Thr + Serl38Asp + Serl40Gi« 
Tyrl37Gln 4 Serl38Asp + Seri40fisp 
.X*eul33!rfer + Serl38Asp f SerX40Glu 
GXyiaSSer + s«rX38Asp + Serl40GXu 
GlyiaSGln + Serl38Asp + Serl40Asp 
Giyl35Ser + Serl38Glu + SerX40Asp 
GXyl36Gin + Serl3SGlu + S€ri40Asp 
LettX33VaI + SerI38gXu + Serl40Glu 


TABLE 13 

Loop 3 - Quaftrupie Mutation Vadants 

Leul33Ala + Glyl34Asn ^ Tyrl3?Ser + Serl38Asp 
Glyl34GIu + Gis'135Asn + GlyX36ftjsn 4- Tyrl37Cys 
Leul33Cys + Glyl35Asn + GXyl36Giii + Serl38Asp 
Leul33Pro + GXyX34Asn -t- GXyl3SSer Serl39Asp 
LeuX33Val + GXyl34GXn + SXyl36GXn + SerX40GXu 
LeuiSSMp •f Glyl34GXn *■ Glyi36GXjx + Tyrl37!rhr 
L©tJl33His + GXyl3$GXn -f- Giyl3SPro + TyrX37Ser 
Leul33Giy Giyl34ser + Tyri37Ala * Serl38Asp 
Leul33Gln i- Giyl34Gln + GlylSSAsn - SerX40GXu 
Leui33Ser Giyl35Ser + Tyri37Pro * 3eri39GXu 
Leul33Asn + Glyl34Asr. Glyl3«GXii + Tyr:37Cvs 
Leul33Met + Giyi34Asn ^ Glyi35SXj3t * SerlSSGlu 
X*eui33Asn + Glyl34Ser + Tyrl37Vai + Se3:138GIu 
GlylSSAsn + Glyl36Pro + Tyrl37Cys + Serl39Asp 
Le«1331ie Giyl3SAsp + Glyl36Asn + Tyrl37Ile 
Glyi34Asp ^- GlylSSGiu + Gl vi36Gin + l'yrl37Thr 
Leiii33Gin + GXyI34GXu + Glyl35Asp + Tyrl37Thr 
Glyl34Ser + Tyrl37Vai Seri38Giu + Serl39GXu 
Glyl34Ser + Tyri37Val 4 SerlSSAsp + Serl39Glu 
Leui33Eis + Giyl35Gin + Serl38Asp + Serl39Asp 
l.sul33Giy + GXyl35Pro + Serl3861\j + Serl39Asp 
L«ul33Vai + Giyl35Pro + Serl38Asp + Serl39Glu 
Le«133S«r + Glyl34Gin * Glyl35Asp + GXyl36Glu 
Leul33lle + Glyl34Gin + Serl39Asp + Serl40Asp 
L«wl33Cys ^ TyrI37Asn + S8rX39Asp + Serl40GXu 
L6lli33Ser + Tyrl37Hls + S€rl39GXu + SerZ40GXu 
Giyi34Fro + GXyi36Gin + Seri39Asp + Serl40GXu 
Giyl34Gin + GiylSSSer + SerlSSStsp + Serl40Asp 
L«u233Cys + Giyl34?ro + Serl39GIu + Serl40Asp 
Leul33Ma + Glyl36Asn + Tyrl37Glu + Serl38Asp 
Giyl36Pro Serl3SAsp + Se2:139Glu + SerX40Asp 
Ty£l37Leu + Serl3SAsp + S€£l39Glu + SerX40Glu 
Giyl35Asn + SerlSSAsp + SSJ:139Asp + £erX40GXu 
Leul33Gly + Serl38Asp + Serl39Giu + Serl40Glu 


L«ul33Ser 


Tyri37ilsp 


SerX38Asp 


3erl39GXu 

Giyl36Gin 

+ 

TyrX37Asp 


SerX38Asp 


Serl39Asp 

SIyi36Asn 


?yrl37asp 

+ 

SerX38Jksp 


Serl39GXu 

Glyi34Giu 
Leul33Gin 


Glyi35Asp 

+ 

GiylS 6a^p 

+ 

Tyrl37lle 


TyrX37Vai 


SsrX38Glu 


Serl40Asp 

GXyl34Prq 


TyrX37GXy 

+ 

SerX3SAsp 


SerX40Asp 

Leul33His 

+ 

TyrXSTLeti 


SerlSSGXu 


SerX4CGXu 

Glyi34Gin 

+ 

GXyi3SSer 


Serl38GXu 


SerX40GXu 

Leul33Cys 


GXyX36Ser 


SerX38GXu 

4 

SerX40GXu 

GiyI35Gin 


GXyX36GXa 


SerX38Asp 

+ 

Serl40Asp 

GXyl34Pro 


Tycl3?His 

+ 

SerX38Asp 


SerX40GXu 

l,eul33GXn 


GXyX34Pro 


Glyl36GXtt 


S«rX38;U5p 

X<euI33His 


GXyX34Pxo 


SXyX36Asp 

+ 

SerX38GXu 

Leul33Iie 


GXyl35GXu 


TyrX37GX« 


SerX38GXu 

Glyl34Asn 


GXyX3St;^p 


Tyrl37Asp 


SerX386Xu 

GiyI35Gln 

* 

Tyri37GXu 

+ 

Serl38Asp 


Serl40GXu 

GlyX36AS!t3 


TyrX37GXu 


SerX38Asp 


Serl40GXu 

Leul33i!^R 


Tyrl3?A5p 


Serl38GXti 

+ 

Serl40Asp 



uxyi jbrro 


xyrij iQiu 


Serl39Asp 

Glyl34Giu 


GXyXSSPro 

+ 

GXyl36Asp 


Tyrl37GXu 

GXyl36Pro 


TyrX37GXu 

4 

SerX39Asp 

+ 

$orl4QA^p 

GlylSSSer 

+ 

tyrl37Glu 


SerX39GXu 


Serl40GXu 

Leul333?ro 


Glyl34Giu 

+ 

Glyl3«3lsp 


TyrX37Cys 

Glyl34Gin 


GXyX3€Jlsp 

+ 

Serl38GXu 

4- 

Serl39Asp 

Glyl3SSer 


GXyX366Xu 

+ 

SerX38GXu 

+ 

Serl39Asp 

Giyl34A3p 

1- 

GlyX356Xti 


GXyX36Ser 


Seri38Asp 


TABtE 14 

hoop 4 " single f^ation Vaiartite 

GXyieOAsn 
Giyi60Asp 
Giyl6QGXn 
GlyXeOGXu 
GlylSOPJTO 
Giyl60Ser 
Jlsnl€XAsp 
AsniSlGXn 
asnieXGXu 
asiilSXSer 
Asiil62Asp 
Asni62GXa 
Asnl62GXu 
Asnl62Ser 
Asnl63ftsp 
AsBl63Glii 
Asiil63Glu 

Mai64Asp 
Alal64GXJQ 
aial64GXu 


Tcmmmm 
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Aial64Giy 
MaI64Kis 
Aial64Pro 

Mal64Thr 
AspieSGlu 

Aial662isp 
Alal€6Gln 
AlaX66Gl» 
AXal66Gly 
AXal66His 
Alal66pro 
Aiai66Ser 
JU.al6€Thr 
Argl67Asp 
Argi67GIu 

Asnl68Gl« 

Tyriemia 

Tyri69Asp 
Tyrl69Cys 
Tyri69GXn 
TyrlSdSiu 
TyrXSSGly 
Tyrl6»His 
'ryri69Ile 
Tyri69J*ett 
Tyrl69Het 
TyrI69Pro 
Tyri69Ser 
Tyrl60thr 
Tyrl69¥al 


TABLE tS 

4 • Dtxiiaie Mutate VWi^ 


n + AsplSSSlu 
&sni61Ser + Asnl62Ser 
Mal647hr * MnlSBjksp 
GlyXSOAsn + Serl70Glu 
AsnieiGin + 3lsni63Glu 
Asni62S«r + SerllOAsp 
GlylSOGin * lisnl68Gl« 
illal6€Giy + SerllQli^ 
AsnieiGiu + Asal62Ser 
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Alal6€Thr * Serl?OGi« 

QlfieOhsn + AsnUlQln 
GlyieOGIu + AIal66ser 
AlalooGly + Serl70Giu 
Aiai64fi:is + Aial66Gly 
Alal64Asn AsplSSGiu 
Asnl62Asp * a,snl68Ser 
Alal64Pro AsnlSSAsp 
Asnl62Asp Alal64Asn 
Tyrl69Thr -t- S«El70Asp 
Mal64Giu + Tyri69Hi5 
A^plSSaitt Tyrl69His 
AsRl62GIu + A5nl68Ser 
GXyieOAsp + Tyri69Het 
Asal62Glu + Aiai6€Asn 
Asnl6I0Ui + Alal66tiur 
Aspl6SGlu + AiaieSAsn 
AsnlSlGlrt i- 7yrl69Pro 
Asnl62Asp + AlalS'^Thr 
Asal62Ser + Ar<gl67Giu 
Aial66Pro + Argl6?Asp 
AialS4Thr + St^xUQhsp 
Asal63A3p Alai64Asn 
Aspi55Gixj -f Asnl68Gin 
AsnlSSAsp + Tyrl69Thr 
AsnlSSAsp Tyrl69Gly 
Argl67Asp + AsnlSSSer 
AsuieiSer Argi67Glii 
Asnl&lSer + Serl7{K;iu 
Glyl60Asp + AIai66Gly 
iy.alS4Asn + AialfiSGlrt 
Giyl60Asn + AsnlSlGiu 
Asni62Gl« + MalS6Ser 
Mai 6 6H is + AsnlSSAsp 
GlyieoPro + Alal64Gly 
Oiyl60AsK + Aial646iy 
Alal64Gin + SeriTOAsp 
Asal6lGlu + AlaI64Thr 
GiyieOGlu + Alal66Gly 
Alal66Pro + Serl70Asp 
AIal66Pro + Tyri69Ma 
Glyl60Ser t Argl67Gla 
Giyl60&sp 4. Aial64Ser 
AsRieiGiii Aial64Pro 
A5iil63Giu + AIal66Gia 
Alal€4Ser + Asnl68GiB 
QlyieOGlu + AlalS4Ser 
Glyl€OAsp + AialSBGln 
Alal64Thr AsplSSGlu 


TABLE 16 


Glyl60Gln + AsnlSISer + J^spiSSGlu 
&lai66Gly Argl67Glu + Tyrl€9Cys 
Asnl62Sar + Aiai66Asn Serl^OAsp 
GlylSOSxn + Asnlg2Asp AsnifiSSer 
Aial64AsJi + Asjil68Gin Serl70Glu 
Alal64Asp + AXal66Tfer + AsnlSSSer 
Asiil63Gili + Aiai6€Gly + Argl67Glu 
Asnl62Ser Mal66His + AsniSSGln 
Aspl65Giu 4 Mal66Thr + AsalSSGln 
Asnl63Ser A2al64Pro + AsBl6SAsp 
GlyloOaiu -t- AIal64His Tyri69Gln 
Asnl6iGlR + AsGl63Ser + Sed^OGlu 
Alal66Thr + Tyri69Leu ^ Serl70Asp 
GlyloOSer + Aia,164Asn + Asnl-fiaGIU 
AsnlSlGln + AsnI62Giti Asnl63Ser 
Asnl63Sfer + Aisl66Ser + Argl67Glu 
Alal€4Thr + Aial66Giy + ArqloTGlu 
Alai64Ser AlaI66Giy + Seri?05lu 
Asni62Sltt + Aial64Gln + Alal66Pro 
Asttl62<31u + Asni63Glit? Al al 6 4Gly 
AsnieiAsp + Alsie4Asn Tyri6Wal 
Gi:^l60Asa + Aiai64Glu * Alal66Pro 
Asnl62Gin + Alaie^Pro * Arc{l£7A5c 
Asnl63Ser + Alai64Ser - ryrl-c^s:;/ 
Alai66Astj Argi67Giu * ^.sr.iciSer 
2^al63Gii1 + Aspl65Glu - nlal^^^Sez- 
Asnl62Ser + Aial64His - f^r.Zo5Asp 
Aial64S€r + Argi67Asp AsnioSAsp 
Asnl62S«r + Argl67Asp Asni68Asp 
Asnl6iAsp * &sni62Glu + Asnl63Gln 
Asnl6lAsp Asnlo2Glu + Asni68Gln 
Glyl60Glu + AfinlSlGiu + AXalSSAsn 
GiyiSOGlu + AsnieiGiu Alal€4S6r 
GlyieOJPro 4- AsBi62Asp + Asill€3Asp 
Asnl62Asp + Asni63Giu + Alal6^iAsn 
AsnieiGlu AsnieaAsp + As»163Glia 
AsnI62Glu + Asnl63Ser + Aial64Asp 
Aspl65Giu + Argi67Asp + fyrl€9£To 
AspX65<31« + Argi67Asp + Asal€8Asp 
AIaX64Gln + ArglSTAsp + !Cyri69Asp 
AsnlSiAsp + Asiil62Asp + Aial64Asp 
AsnlSlAsp ^ Asnl63Asp + Xyrl69Thr 
AsnieiAsp + AsnlSSAsp + AlaX€4AsEt 
GiyXSOGlu + AsnlS2Gia + Asnl63Gln 
Alal64Asp + AsplSSOltj + Ar^lSTGlu 
Alal64Pro + AspX65GlB + Asnl6eAsp 
Glyl€OAsp + AsJii62Gi» + Alaie4Glu 
GiylSOPro * Asnl«8Glu + SerX70Glu 
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/^nI61Glti + Asni63Gl« + aspl65<31u 
GiylSOAsp + Asnl62GXu + Aspi^SGlu 
AspiSSGiu + AIal66Giy + lyrlSBGlu 
GlyloOGlu AsnieiAsp + Aspl65Glu 
hx"l6ih$p + AsRieSGln + SexllQhsp 
Asr-I62Gin Argl€7Asp * Serl-^QGlu 
asni63Gln + ArgiSlGiu + Serl?OGlu 
Asnl62Asp f AspISSGlu + Asril68Glu 
A5Hl62Asp -r aspl65Giu + ArglSlGlu 
GlvieOAsp * AsnieSGXn + Serl1?0Glu 


TABLE 17 


toop 4 »Qua{iwpt»Mtitaliofi Variants 

GlyieOGXn + Asnl61Ser ■* AsnX62Ser + Aspl65Glu 
GXylSOGXu + &snX61Ser + AsnlS2GIn + Asnl68S«r 
AsfiXexSer * &siiX63i^p AlaiS4Asa + Tyrl69Thr 
Glyl60Ser asplSSGlu + Mal^Sasa + Tyri69Leu 
GXyXeOGXn + Mal66Ser + ArgiS7J5^ + Tyrl69His 
GXyXeOSer * &snl63$er MaX$6GXy 4- BerllOAsp 
AsnX6XGln + jS«nl€3Gla + AXai64GXu + AXal66GXy 
AsnlfiXGXu + Asnl63GXn + AXal66His + Tyrl69Asn 
Asnl63GXn + Alal66His + ArgX67Jlsp * Asiil68GXn 
GlyieOGXn + Asnl62Ser + Asal63Asp Tyrl69Gln 
Asul62Giu + AXal66Gln Asnl68Ser + Tyrl69GXy 
Asnl63Glu + AXal6€His + Asni68GXn + TyrX69GXn 
GXyi6C3!&sn + AsRl61S«r ♦ Alal64thr + AXal66Ser 
AsnXeXGXn ♦ A©aXS2S«r + AsalSSGlu + Tyrl€9Ser 
AsniSXGXn + AlalS6His + ArgX€?GXu + Tyrl69AXa 
AsnlSlGXn + jUaI64GXy + AXaX€fiGXn + TyrX€9His 
AIal64GXn + iispl65GXu + AsnX€8Ssr TyrX«9Met 
AXaX64Gin -^ AXaX66His + ArgX6?GXu -t- AsnX68Glu 
GXyXeOftsn AsnX62Ser + Aiai64Glu + AspX€5GXu 
Asal«XAsp + AsaX62Asp + AiaX64asn + AlaX€6Ser 
Asal€iAsp + Asna62Asp + AXaX64Asn AXal66Thr 
iaaX64GXtt + AXal66As« + AsaieSJisp + Tyrl69Asp 
GXyXSOPro + AsaaX63A€p + AXaX64&sp + AXaX66Thr 
AsnX6XSer + AsnX63Asp + AXal64j&sp + AsnX€8GXn 
Asal62Asp + Asnl63Asp + AlaiSfiPro + TyrX69Met 
AsaXeXSer + A«nl€3Gln + TyrX69Rsp + SeicX70Asp 
AsaXeXSer AXaX66His + TyrXSSAsp + SerX70GlU 
AsaXeXGXu + AsnX62Asp + Asnl636X« + Tyrl69Cys 
AsnieXGXu + AsnX62SXu + AsnlSSAsp + TyrieSAXa 
AspieSGiU + AXal66GXy + Ar9X67Asp + AsniSSGln 
AsplSSGXu + ArgX67Asp + AsnXeSGia + Tyrl69Val 
AsnXeXAsp + Asnl63Giu + AXaX64AsR ^ Alal66Gly 
Asnl63GliJ + AlaX64Asp + AspX6SSXu +■ Argl67Asp 
Aspl6SGlu + AXaX€6Asn + Asni68Asp Tyrl69Glu 
A5ni63GXn + AspXSSGXu + Argl67GIu + Tyrl69Asp 
Aspl65GXu *■ ArgX67Asp + AaxilSSSer -t- TyrX69Asp 
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Asal63Ser + l4spl65GIu + Argl67Asp + Tyrl69Glu 
Asni63Giii + AXal66Thr + AsalSSGlu + Serl70Glu 
Asnl6l<3Xn + AXai66Gly + AsnlSSAsp + Serl?OGlu 
Asal63Giu + Rspl65Giu + Aial66Giy + Tyrl69Leu 
Giyl60Pro + Asai62Gln + Asjal63asp + Aspl65Glu 
GlyieOGlu + Asnl€3Gin + iisni6SAsp + Tyrl69Giu 
GlylSQ&sp + Alal64Giu + AsplSSGlu + Tyrl69Ser 
AsnieiGlu + Alal64Asp Aspl6561u Tyrl69Gln 
Glyieoasp + AsnX62Asp + AXaX66Gly + Tyrl69Asp 
ii^nX6XGiu + Asni62<5Ia + Aspl65Glu + Aaai66Asn 
AsnXSXAsp * Asiil62Asp + Aspl65GX» + AIal66Gln 
AsnieiAsp + AsnXSSAsp + AspX«5GXu + Asnl68GXn 
GXyI60Asp + AsalSlSer AsnI63GXu + Tyri69Gly 
GXyX6QAsp + AsnX€2Asp + AspI65Gl« + Asnl68Gln 
AsnXeiSer + ArgX€7Glu ■*> TyrX69Thr + S«ri70Asp 
AsnX6XGXn *- Argl67Glu + AsnlSSGXn + Serl70Asp 
GXyXSOAsp + As»l«3Asp + Aspl€SGiu + Tyrl69Ala 
Glyl€OSer + AsjjX62GX« + AXaX64Pro + Aspl65Glu 
GXyXeOGXu + hxgieiQlvk AsaX68Giu + TyrX69Glii 
A&ttXexSsr + AXaX64Jlsp + Argl67Glu + TyrX69Asn 
AsnXeaser + AsaX«3Asp + AXaX64A3p * Asnl68Asp 
AsnX63Glii + iRspl65Gi« + Alal€6&sn + ArgX67Glu 
AsnXS3Asp + AspX65Glu Argl67Asp Asnl68Ser 
GlyiSOGiu + AXaX€4GXy + AsnX€8Asp + SerX70Asp 


TABLE 18 


Loop 5 -Sinote Mulafem Varlante 
serx 9QAsp 
SsrXSOGXu 
SerX9lAsp 
SerlSlGlu 
Phel92AXa 

Fibiel92Asp 
PiteX92Cys 
Phei92GXn 
PbeX92Giu 
Phel92GXy 
PheX92His 
Phel92IXe 
FhelS2Le\i 
PheX92M€t 
PfesX92Pro 
PiisX92Ser 
Pfe©X92fhr 
Ph€X92Tyr 
Pli€lS2VaX 
Serl93Asp 
Serl93Glu 
Asnl94Asp 
Asal94GXn 


AsRi94Ser 


rmvE 19 


Lcx>p5-DoobteMutayoriVariSHTts 


Serl90Giu 
Phei92Glu 
E'hel92Xyr 
SeriSOjfisp 
SerI91Glu 


Phei92Leu 

Asnl94Gin 
Asnl94(5iti 

Phel92Ser 


Serl9IAsp + PhelS2Gly 
Serial Asp + Asii294S€r 


Serl91Glu ■ 

Serl^XGlu 

SerlSlGlii 

SsriaiAsp 

SerlSOAsp 


Pnel92Th3r 

PhelS2Kxs 
Phel92AsB 
Phel92Giy 
ASJil94Glfi, 


SeriSOGlvi + Phel§2Cys 


SerI90Giu ■ 

5erl91Asp 

Serl90Asp 

Serl91Gl« 

Phei92Ser 

SerX9iGlu 

Fhel92Gly 

PheI92Cy$ 

Phsl92Asn 


Ph8i92Ser 

Phel92Cys 
Asai94Glu 
Phel92Gly 
Asnl94Giii 
Asnl94Gln 
hsnl94Asp 


SexI90GIu - Ph«i92Tyr 
Serl9iGiu * Phei92Aia 
Serl90Gl^l - Asnl94S^r 
Pliel92lle ^ Asrii94Ser 
SerJSlGlu + Phel92Met 
SerlSOS^p ■+ Piiei92Met 
Serl90Asp + AsnI94Ser 
pJiel92Giy + Asnl94Asp 


Phel92His 
SeriSOGiu 
Phei92Ala 
Fh«292Thr 
Sen 9061 u 
SesrlPiGXu 
Phel92Vai 


SiSjji94Se£ 
Asiil94Gili 
Asnl^4Glti 
Asnl94Glu 
Phel92S«r 
Phei92Ile 
Asni94Glu 


Pfeei92fhr + Asnl94asp 
SerlSiGlu + Phel92Pro 
SeriSlAsp + PhelsaiLeti 
PhelS2Ile + Asiii94Giu 
SerlSOJ^p + Phel92Thr 
Serl91Asp + Ffeeisaile 
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Ph«i92Thr + AsBl$4Glj:i 
PheI$2Ma + Asni946in 
SeriSlAsp + Fiiel92Tvr 
SerlSOGiu + Phel92Tiir 

Pbei92Kis + Asnl94Gln 

Ph%192Vai + Asnl34Ser 
Phei92S,sp + AsnlS^Gln 
Phel92Gly + |^sni94Ser 

PhelS2Asp + A^al94Ser 
Pliel92Thr + Jlsnl94Ser 
Serl9SGIa Phel92ftl& 


TABLE 20 

Loop 5 oTfipte Mutation tfariants 

Seri91Asp + Phel92fi[«t + Asni^iGln 
SeriSiGiu + Phel92Ma + AsnlMQln 
Serl91Rsp + Phe292Leii + Asiil94Ser 
SerlSlGiu l'hel92Asn + Asnl94Gln 
SerlSOAsp + i>iiei92GlG + Astil94Gln 
Serl^lAsp + Fhei92IIe + Asnl94Gln 
SerlSOAsp + Phel92AsJi + Jlsni94Ser 
Serl91Giu + Pliel92IXe + Asnl94Ser 
SerlSOAsp + Phel92Leu + Asnl94Gln 
SerlSOAsp + Phel92Vdl Asnl34Ser 
Serl90Glu + Ph«192GXn + Asni94Ser 
SerXSlAsp ♦ Phea92¥ai i- Jisnl94Ser 
Serl9lGlu Phel92Aia + Ai5nl94Ser 
Sen 9 IGiu + Phel92Cys + Asnl94Gln 
Serl90Giu + Ptoei92Val + Asnl94Ser 
SerlSOGlU + Phei92Iie + Asnl94Gln 
SerlSQGIa + Pfael92Ser -t- A3&194$er 
Serl90Glu + Phel92Tyr + Asnl94Gln 
SerlSlAsp + Phei92lie 4 Ascti94Ser 
SerlSOAsp + Serl9lGi« -t- Asni94Ser 
SerlSOAsp + Serl9lAsp + Ffe«lS2iMet 
Ssrl90Glu + Seri9iGiu + Phel92Val 
SerlSOAsp * SerlSlGlu + Phei92Ser 
Serl90Asp + Serl91Asp + Phel92Thr 
Serl90Glu + Serl91Asp + AsnI94Ser 
Serl90Glu + Serl91Asp + Fhel92Asn 
SerlSOAsp + SerlSlAsp Phel92Asn 
Serl90Asp + Serl9XAsp -f- Phel92Val 
Serl90GXu + Serl91Giu + PheI92Cys 
SerlSOAsp + s«rl91Giu + Phei92Asn 
SeriSOGlu + SerXSlGIu + Phel92Leu 
SsrXSDGiu + Serl9lAsp + PheX92Gly 
Seri90GXu + SerlSlGiu + PhaX92Ser 
Sferl90GXu + S«frlSiGlu + AsaX94S€r 


SerlSOAsp + 
Seri9DAsp + 
Seri30Asp - 
Sen SOGlu * 
S^tl9(^hsp 
SeriSOAsp + 
S«rl90Giw + 
Serl90Asp ^ 
SerlSOGlii + 
Seri90Asp + 
SeriSOGiu + 
SerlSO&sp 

Serl90Glu ^ 
Seri30Asp 
Serl90Asp 
Serl90Giu + 
Serl9lAsp + 
SerlSlAsp + 
Seri9lAsp + 
S«rl90Asp + 
SerlSOAsp + 
SeriSOGiu + 
Serl90Giu + 
SerlSOGlu ■» 


36 

Serial Asp + 
Serl91Asp + 
Serl91Glu + 
SerlSlUsp + 
Sen 91 Asp 
Seri91Giy ■+ 
Serl91Glu ^ 
SerI9lAsp + 
Serl91Gi« + 
Serl9aAsp + 
Seirl91Asp + 
SeriSiAsp 
SerlSlGiu + 
Ser2.91Asp + 
Serl91Asp + 
Serl9IAsp + 
Serl91Giu -f- 
Serl91Asp + 
Ph6i92Asp 
Phei92Glii + 
Phel92Gll3 + 
Serl9lGi« + 
Serl91Asp + 
S€rl91Glu + 
SeriSlAsp + 
Serl91Asp 


Asnl94Gin 
Phel92Tyr 
Phel92M«t 
Phel92Gly 
A5nl94Gln. 
Phel92Leu 
Pbel92Giy 
Phel92Tyr 
Phel92T.hr 
Phel92:iis 
Phe!l92Gln 
Phel92rie 
Asnl9'3Gln 
?hel92Pro 
Phel92Cys 
Asnl94Ser 
Phel92Gln 
PheJ92Pro 
Asni94Gln 
Asnl94Ser 
Asnl94Gin 
Phel92Asp 
Phel92Giu 
Phel92Asp 
Ph6l92Asp 
Phei92Glu 


TABLE 21 
Loop 5 - Qua<frupte ivli^aikHn yssmts 


SeriSOGXu ♦ SerlSlAsp + Phel92Iie AsjQl94Ser 
Serl90Asp + Seri9XAsp + FheXSS2GXy * A«il94Gln 
S«rl90Giu Serl91Asp &heX92His + Asnl94Ser 
SeriSOGlu + SerlSlAsp * Phfel92Gin + A»nl94Gln 
Serl90&sp + SerX91Asp + PfeelS^Kst 4- Asnl94Ser 
SeriSCtJisp + Serl9XGiu + Phel92l.«« + Asnl94GXn 
SerX90GXtt ^ SerXSXGXu * PheX92AI« ^ Asnl94Ser 
S«rl90£sp S^xl^msp 4- PheX92Pro ^ AsnX94€ln 
Seri90GXu + Serl9XGiu + Ffeel92Leu + AsnX94Ser 
SerX90GXu + SerX9XAsp + Pfael92His + AsnX94GXn 
SerXSOGiu + SerlSXasp + PbeX92Cys + AsnX94GXn 
SerX90GXu + S«rl9XA»p + PheX92Tfer + Asal94Sej: 
SerX 90GXU + SerX9I&sp PheX92Ser + Asinl94GXii 
Seri90GXu + Serl91Asp PheX92Thr + Asnl94Gin 
Serl90ll«p + SerlSlGiu + PheX92Ile 4 AsnX94Ser 
SerXSfOGXu + S«rX9iasp * PheX92GXn + llsnXd4Ser 
SerXSOasp + SerlSlAsp + PhsX92Cys + AsnX94GXn 
SerX90llsp SerlSXAsp + Ph€X92Pro + Asnl94Ser 
SerlSOGXu + SerlSiGXa + FheX92AXa + Asnl94Glii 
SerlSO^p + $erX9XGXu + Pbei92Tiir + Asnl94Ser 
SsrXSQGiu + SerX9XAjsp Phel92Leu + Asnl94GXii 
SerX9061u + SerlSlAsp + Ph€i92Gly + A3nX94GXn 


£erl90Asp + SerlSlSsp Ph«192Cys + Asnl943er 
SerI90GIu + SeriSlGlu + PheX92His + Asal94Glii 
Serl90GXu + s«rl91Asp + Phel92Astt + Asnl94Sar 
Ser-SOAsp + SerZ91ftsp + Phel92His + Asnl94Gln 
SerlSOGlu + S6ri91Gl\i + Ph6l921l« + Asnl94Gln 
Serl9QAsp * Seri9iAatp + Phel92'ryr + Asnl94Ser 
SerlSOGiu + SerlSlAsp + Phel92i:yr + Asnl94Gln 
S«rl90Gltt * Serl91Asp + Ph«192Aia + Asnl94Ser 
SerlSOAsp + SerX9lGlu + Phel92Jaa + Asnl94Ser 
Serl90Asp + Serl93lGlu + PfeelS2Asn + Asal94Ser 
Sexl90Glu + SerX91Asp + Phel92Vai + Asnl94Ser 
Seri90Asp + SerlSlAsp + Phei92Gln + Asnl94S«r 
SerlSOAsp + 3erl9XAsp + Phel92Gia + JVsnl94Glxi 
Seri9<Ulsp + S«rl9iAsp + Phel92Leu + Asnl94GlR 
Seri90Asp + Serl9lAsp + Phei92Ser + Asnl94Gln 
Serl90Glu + Ser29URsp + Piiel92GIu + Asnl94Ser 
Serl9a&sp + Se3cX9ilUsp + PJieX92Asp + Astil94S«3: 
SerXSOGXu + SerXSIAsp + PheX92GXu + A«uX94GXn 
SerX90GXu -f SerX9XGXu + PheX92Gl« + AsnX94Ser 
Serl90Jisp + Serl9XGX« + Fh«X92GXu + Asnl94GXn 
Serl9&2lsp + S«rX9lAsp + PheX92GXu + Asiil94Ser 
S«ri90GXu + SerX9XGXu + PiieX92Asp + AanX94Ser 
SerX90GXu + SerX9XAsp + PheX92Asp AsnX94Ser 
SerX SOGXu + Serl9XGlu + Phe292Asp + As(iX94GXn 
SerlSftasp + SsJ:i9IAsp + Pfael92&sp + Asnl94GXn 
SerXgOAsp + SerX9XGXu + Phel92Glu *■ Asnl94Ser 
SerX90GXu + SerlSXGXu + PheX92Tyr + AsnX94GXu 
S«rl90GXu + SerlSlGXu + PbeX92Ket + AsnX94GXu 
S«rl9Qasp + S«rl9iGXu + Pitei92GXn + Asnl94jf!isp 
S«rX90Asp > SerX9XA$p Phel92Ala * AsnX94A5p 
SerX90GX« + SerX9XGiu + Phei92X.eu + AsnX94Asp 
S€rX90GX« + S«rX9XGXu + PheX92Ser + Asnl94Asp 
SerX90Glu + SerX9XGiu + PheX92Ket * Asnl94Asp 
SerX90Aap + SerX9XGXu + Phel92Tyr + AsnX94GXu 
SerXgOAsp + SerXSXAsp * PheI92His * Asnl94Asp 
SerX90GXu + S«rX9XAsp + PheX92GXa + Asnl94Asp 
SerX9aAsp + Serl9XAsp + PheX92Asn * AsnX94GXu 
SerX90Asp 4- Serl9XGXtt •*> PheX92XXe * AsnX94A3p 


TABiE22 


Loop 6 - Single l>feMtk?n Vafiafits 

Giy203Asn 
GXy203Asp 
GIy203GXri 
GIy203GX« 
Gly203Fro 
Giy203Ser 
Pro204Asn 
Pro204Asp 
Pro204GXii! 
Pro204GXu 


M 

Pro204Gly 
Pro2Q4Ser 
Gly205Asn 
Gly205&sp 

Gly205Glu 
GlySGSPro 
Gly205S€r 

Thr206Gln 
Tfer206Giu 
Tlir206Gly 
Thr20SPro 
Thr206Ser 
Ser207Asp 
Ser207GIu 
XleaoSJUa 

Iie208Asp 
Iie208Cya 
Ile208Gin 
Ile203GXu 
Ile2(>S(31y 
Iie20eHis 
Ils208Leu 
XXe2D8Met 
XX«208Pro 
IXe20SSer 
Ii€208Thr 
IXe208Val 
Leu209Aia 
Leu209Asn 
LeuZOSAsp 
Leu209Cys 
Leu2D9GXn 
2*eu209GXu 
Leu2D9GXy 
Leu209His 
Leu2D9Xle 

Leu20SPro 

X.eu209Tiir 
Leu209YaI 
Ser210Asp 
Ser2X06lu 
Thr211Asn 

Thr21XGXn 
Tlir2XiGXu 
Tfer2XlGXy 
Thr21lPro 
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Tiir2llSer 

Trp212Asn 
Trp2l2Asp 
Trp212Cys 
TzpZlZGln 
Trp212Glu 
Trp2126iy 

Trp2l2Ile 
Trp212Leu 
Trp212Met 
Trp212Pbe 
Trp212Pro 
Trp212Ser 
Trp212Thr 
Ttp2l2Tyr 
Trp212VaX 
IIe2X3&la 
IXe213&sn 
IX«2X32^p 
IIe2i3Cys 
Ile213Gl» 
Iie213GItt 
Ile213Giy 
Ile213His 
Xle213tatt 
Xle2X3Ket 
IXe213P£o 
lie2X3Ser 
Iie213Thr 
IXe213Vai 
Giy214Asn 
GIy2i4Asp 
Gly214Gln 
Gly214GlU 
GXy214Pro 
C;ly2X4Ser 
Giy215Asn 
Gly215asp 
GXy215Gln 
Giy215GXu 
Giy2X5Pro 
Gly2X5Ser 
Ser21€;A$p 
Ser2l6€Xu 
Thr2i?asa 

Thr2X7GXii 
tfar2X7Gitt 
Thr2i?<31y 
■KiraiTPro 
thr217S«r 


Arg2X8Giu 
Ser219Asp 
Ser219Glu 
Iife22C3Ma 
IIe220Jksn 

Ii622acys 
Ile220Gla 
11023 OGiti 
IXe220<31y 
Ile220KiS 
Xle220Leu 

lie220Pro 
ZXe220Ser 
lie220Tixr 
XXe220Val 
Ser221Asp 
Ser22IGlu 
Gly222Asn 
GIy222%3p 
Sly222Sla 
€Iy222Slu 
<Sly222Pro 
Gly222Ser 
Thr223Asii 
thr223*sp 
Thr2236in 
Thr223Glu 
Thr2236iy 
Thr223Pro 
Thr223Ser 


TABt£23 

loojp 6 - Doiit^e M^atlon Vatfarite 
Giy203eln + S€r2imu 
Thr206Giy + Leu209Ser 
Trf>212Fhe + Ser221Giu 
Arg218Glu + Gly222Pro 
Giy2l4Asp + Ii6220Ser 
Giy2i5Asp + Thr2l?GXy 
Giy203Asn + S<sr2l9Asp 
Trp212Ile + Ser32lGiu 
Trp212Gin Se£2i3Asp 
Trp212Cy5 Ser219Asp 
Thr227Giu + Thr223Pro 
Giy2i4?ro + Ile220¥al 
Iie208Pro + Tiir223Ser 
Leu209Gio + Ile220Gl« 
Thr206Asn + lie220His 


IJe208Ala 
Pro204Gin 
Trp212Thr 
Gly203Asn 
Gly203Gin 

Giy203Ser 
Thr206Gia 
Pro204Ser 
IIe208Lea 
GIy2i5Gin 
Xie208Xhr 
Gly205Ser 
Iie208Ser 
Iie2085«r 
Thr21lGiy 
Ile213Asp 
Pro204Gln 
Thr21iGiy 
Ils20SHis 
Giy205Asn 
Thr206Ser 
Gly20SAsn 
Giy203Pro 
Thr206Gin 
Ile208ser 
Thr217Gln 
Pro204Ser 
Qly214hsn 
Ile208Leu 
Pro204GIy 
Ser2I9Asp 
Trp212Tyr 
Thr20SSer 

Iie208Fro 
Il€208Leu 
Pro204Ser 
Gly203Ser 
Giy205Ser 
GXy203Pro 
Iie20S¥ai 
Ser21€iAsp 

lle220Cy§ 
Thr206&sn 
Thr206&sp 
Ser207Asp 
lleZOSLeu 

Tbr206Glu 
Pro204S$r 
Iie2i3Asp 
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+ Ser221?.SD 
Thr223Asn 
-f- Ser219Giu 
+ Giy214Pro 
+ Giy2l56iR 
■t- Arg2iaGlu 
+ Trp212Asn 
+ Iie213Giu 
+ Gl.y222Glu 
+ Thr22'?Glii 
Ser219AsD 
Giy214Asp 
+ l^rf2I8Giu 
■f- Ile220Val 
Arg21SAsp 
4 Xi«220Ser 
+ Ser2i9GXu 
+ Ils22{Met 
+ Leu209Ala 
+ Ser2G7Giu 
+ Gly2i5Asn 
+ Giy222Ser 
+ lle213Cys 
+ Gly2l5ser 
Gly2I46iu 
Ser2i9Glti 
+ S«r2ioAs.p 
* Ser2! oAsp 
Thrl I lAsn 

+ Gly222Asr. 

+ Trp2l2VaI 
4- Thr223Pro 
+ trp2i2Fro 
+ Thr2l7Asp 
+ Giy2l4Ser 
+ Giy222Plro 
+ hrgZlBQlu 
+ Ser207Asp 
+ Ser2X9Giu 
+ Giy222Giii 

+ frp2l2Ma 
■i- Gly222Glw 
+ Ii€213Cys 
+ Gly2i5Gln 
Thr2IlSer 
+ Ser216Gitt 
4- Gly214Asp 
+ Ile213JlSK 
+ Th3E:211S&r 
+ Giy215Pro 
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Gly214Asp 
Giy20SAsn 
Gly205Gln 
IXe208Leu 
J,eu209Giu 
Iie208Cys 
Pro204As3a 
Giy2I4Pro 
Giy203Sln 
Pro204Sly 
«3iy215Ser 
Thr206Sin 
Gly205Pro 
Giy203Pi:o 
Ser207Giu 
Pro204Ser 
Giy205Asn 
Leu209GXn 
Glv215Pro 
Iie20eGln 
Gly203Gln 
Giy203&SB 
Giy20SPro 
Thr2llAsn 
Gly205Asa 
Thr206Glu 
Thr206Pro 
Trp212Gln 
Ser2l6Giu 
GIy2I5Asn 
lle2X3Cys 
Pro204Ser 
Pro204Ser 
Pro204Gln 
Gly214Ser 
Il820SLeil 
Ser207Asp 

Leu209Ser 
Ile2i3Leu 
Pro204Ser 
Gly2035er 
Giy205Pro 
Trp212Thr 
Tlir20€Ser 
GIy203Pro 
Tiir2XlFro 
IleliSThr 
Th.r206Pro 
Ser207Asp 
Iie213Val 
Thr2llAsn 
Ile2l3Cys 


+ Thr223Ser 
+ l,eij209Cys 
+ Iie20aM3 
^ Ser2 I 9Asp 
+ fhrSllPro 
+ Thr217Glii 
+ Le»209Aj5n 
■t- Iie220Pro 
+ Thr2llGiy 
+ fhr223«isp 
+ fhr217pro 
^ Thr21lAsn 
+ Giy215Pro 
+ Ser207Glu 
+ Iie208His 
+ Thr2236iy 
+• Giy215SiSp 
+ Ser2i9Gi« 

* T}ir223Ser 
S«r221Asp 

+ Arg21SAsp 
+ IIe220Asp 
•f Arg218Asp 
+ Arg218Glti 
+ Thr223Giu 
+ Leu209His 
+ Gly2i5Asp 
+ S«l:22lRsp 
+ Ile220H«t 
+ Giy222Asp 
+ Ser219Asp 
+ Thr2ilAsn 
4 fhr223Pro 
+ Ile213Glti 
+ Ser221Asp 
+ Thr223)Pro 

* 21e208Gly 
+ Arg21SGXu 

IXe220Ht5 
+ Arg2 X8Asp 
+ Ser219Asp 
+ GXy222Giti 
+ fhz222hsn 
+ Gl y214Ser 
+ Sei:2i6Asp 
+■ Tihr206Giy 

* Giy222S«r 
4- Thr223Gi» 
+ Ile213Gl« 
+ Gly222lisn 
+ GXy2X4As« 
^ fhr223Asit 
+ Ttir223Pco 


Fro204Ser 
Giy20SGin 
Lea209Pro 
OlyaOSSer 
Pro204Ser 
Pro204Gin 
Leu209Ser 
Thr2i7Glu 
Giy203Gln 

Trp2X2Gin 
ftrg218Giii 
L«t3203IIe 
Iie208Het 

Ii«208His 
Iie2l3Asn 
Trp212M«t 
fhr206Pro 
Pro204€In 
Thr206GXy 
?ro204Asn 

Iie220Asti 
Giy205Afifn 
Giy203Ser 
Ser2Q?i^p 
lLeu209Pro 
Iie20SPro 
Thr211S«r 
Thr2Q6Ser 
Giy203Gin 
GlyZOSSer 
Gly203Gin 
Gly203Gln 
Ser2D7Asp 

Trp2l2Cys 
Gly203Gin 
Arg2i8Glu 
Thr211Gly 
Pro204Asa 

Gly205Pro 
Arg2lSGlu 
Leu20dAS£i 
GlyZOSPro 

Gly203Ssr 
Thr217Ser 


+ Giy222Gln 
+ Gly215GXu 
+ Giy222Gln 
+ Giy222Asp 
+ lle208I»eu 
+ Thr2ilGly 
+ Ser219^p 

* Thr223Ss» 
+ Thr2i?s«r 
+ llfe2i3Gln 
+ Thr2l7Ser 
+ Thr21?$€r 
+ Ile213iaa 
+ Iie220Gi« 
+ Thr223Asa 
+ Giy215Gln 
+ Iie220Aia 
+ Pro204&5a 
+ Ser221Asp 

* Ser219Gli;i 
+ S«r216Glu 
+ Tbr2063kSi> 
+ 01y2i5Pro 
+ GXy222Gln 
+ Giy222Ser 
+ Giy222A3n 

* IIe2i3^n 
+ Iie213Leu 
+ fhrSllAsn 
+ Ile2i3Gl« 
+ Tisr22^p 

* Siy222asp 

^ •shxzn&sp 

+ Giy214Glu 
^ Giy215Ser 
+ Len2O0ftla 
+ Gly2223lstt 
+ Thr211Sly 
-J" Ser2i9Qiti 
+ Ser2X€2lsp 
+ thr2I7GXtt 
+ JXe220Cys 
+ Ser221GX« 
4- S€r21SAsp 
+ GXy222Piro 
+ Ser22XGXu 
- Thr223Ser 

* Ser216GXu 
+ IXe220K«t 
+ Thr217AsF 
+ IXe208fhr 
+ Arg2iesiu 
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Pro204&5n + Tfer21iasti 
Gly205Rsn + Thr21751« 
$er207iisp + Thr223GXy 
Trp2X2Ty3r + Iie213Pro 
Gly2l4Gln * Ser2i6IUsp 
Thr206Rsp -t- Ile20efhr 


TABtg24 


loop 6 - Triplg l&^sabn Va e riants 
Giy203<31n + Thr206Gly + Ser219Glu 
Iie213Ala 4- Giy215Asp + Thr2i7Gly 
Gly203Asn + Ser219asp + Th3:223Ser 
<3Iy2l5Pro + SeE2i6Glu Tiir223Ser 
Gly203Gi» + Trp212Pro 4- Gly222a.sp 
Pro204Ser Giy205Ser Ser207Glu 
Giy205Pro + Iie208Het + Ser2i&Asp 
Thr21iGiy + Gly215Gin + Thr21?Asn 
Thr2llSer ^ Thr217Gin + Thr223A3p 
Gly205Gln + Thr211Asn + Gly222Asn 
7hr2IlPro + Gly214Asrj + Thr2l7j^n 
Giy20SPro + Leu209Asn + Thx223Glli 
Giy203Gin + Trp212Leu + Ile220Ala 
Trp212Thr ♦ Giy215Glu + Iie220Thr 
Giy205GlJ) + Ser207Asp + Trp212Ma 
Giy20SAsr! + Trp212Phe + Ser2i6Glu 
Ser207Glu + Thr211Gly + Gly222Asn 
Pro204Gin + Giy205Ser + Ser221Glu 
Thr206Pro + Leti209Giy + Thr223Asn 
Ile208Met Thr2l7Giy + Thr223Glli 
Thr2llSer + Giy2I5Pro + Gly222Glu 
rie208Pro + Trp212Pro + Ser216Glu 
Gly203Ser + Thr211Gin + Gly222PrQ 
Giy203Pro + lle208Val + Ser2196lu 
fhr20ePro + GlyZlSSer + Ser2l6Glu 
Tiir206Pro Ile220Asn + Thr223Gly 
Pro204Gln + Giv205Pro + Arg218Giu 
Trp212His + IIe213Met * Gly2lSAsp 
Iie208Ser ^ Gly222Gln + Thr223Gin 
GIy205Gln Trp212Leu + Arg218Asp 
Gly2l4Gln * Ser2I6Gla + Gly222Ser 
Giy2a3Asn i- Ser2i6Glu Gly222Gln 
Leu209Asn + Giy222Glu + Thr223Ser 
Thir206Asp + Tbr21iAsn + Gly2i4Ser 
Pro204Asn +■ Thr2liGiy + Trp212Thr 
Gly203Ser + Ile208Aia + Ser2l6Giu 
Thr211Ser + Giy2l4Pro + Gly222Glu 
GlyaiSGln + Arg218Asp + Ile220Val 
GXy215Ser + Ser216Asp + ?hr223Ser 
Tiir206Asn + TJjr2IlA$n + Aj:g218GlTa 
Pro204asn + Thr217Gly + Thr223Ser 
thr206Ser + IXe2l3M€t + GXy2X5Ser 
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Pro204Gly + eiyaosser + trp2X2Gln 
ThxaiiPro + T3:p2i2Aia + Tfar223Asp 
GlySlSGiu + Iie220Ma + Thr223Gln 
Thr2Q6Gln + Il€208Ser + Leu209Asp 
Thr2IiSer + f3rp212Vai + Ssr2l9Glu 
GXySOSPro + Thr21iPro + S€r216Asp 
Gly205Pro Trp212His ^ Ser2l9Glu 
Giy205f»rD trp212Asn + Ser2i9Asp 
L«tt209Ser + Thr2llGlB + ArqllBAsp 
Pro204{3ly + Thr21iAsn + Giy215Glu 
Giy203Pro + Pro204Ser Ser2l6Asp 
Gly203Gin + Ile213Vai + Arg21SGlu 
Iie208Giy + Tlir2i7&sn + Giy222Ser 
Prci204Ser + Gly205Gln + Trp212Ile 
Prcj204Gin + Giy214Giu + Giy2l5Gln 
Trp212Cys + Gly215Gl» + Ser221Glu 
Giy203A$n + Leu209Vai + fhr217Glu 
Gly205Asn + Ser207Asp Thr2i7Gly 
Pro204Gin + Thr20€Asp 4 Giy215Ser 
Iie208Gir! + ThrSilPro + Ser2l9Asp 
Giy205Ser f Ile213His + Ser219Glu 
GIy203S€r + Iie208Sfer + Trp2l2Met 
Thr2ilFro + Irp212Tyr + Ser2iSAsp 
Gly205Gin + Iie208His + Giy222Asn 
Giy203Ser + lhr211S&x + Xi€220Glu 
Pro204Giy + I,eu20911e + Arg2i8Glu 
Trp2X2fyr + Ile213Ser + Thr2l7Pro 
Iie208Asn + Iie213Pro + Giy2I4S«r 
Giy203Gin * Ile213His + Ser2Xmsp 
6iy2D5Asn + Thr2lXGln + Ser22XGXu 
GXy205Asn + Ser207GIu + Giy214Gln 
Iie2O0Val + Gly2X4GXv + Giy222Gln 
Gly203Ser + Thr206GXy + Ile2i3Leu 
Fro204Giy + Iie208Fro + GXy215Asp 
Thr20SSlu + Tiir2X7Giy + Xie220Pro 
Iie213Ser + Thr21?Asp + Giy222Gln 
IX«208Val + Giy2i5A«ii + Tiir£23Ser . 
GXy205Pro + Ser207Giu + Thc2l7Ser 
Giy203Pro + Thr206Giu + lie20SHis 
Giy205$er + Trp2i2Cys + Ser2X6a3D 
Pro204Ser * Thr206Asp + Leu203Ile 
Thr2QSGiu + Ii€!208Thr + Iie220Qly 
Iie2X3Gin + Il©220Giti + Gly222Gln 
Ile208Vai Gly2i4GXn + Gly215PEO 
L€u209Pro Ser2l6GXu + Thr217Asn 
Pro204GXn + Trp2X2Set + Giy222Glu 
IleaOSifet * 'riir21LR3n + Tiir223GXn 
Pro204Gla + Leu209Ile + A?-g218ilsp 
Ile20SLett + Ser2X6Glu + lXe220Pro 
Fro204Gly + Giy20SGXn + 'rfar206Glu 
IXe208Ser + Jjeu209His + Gly214Fro 
Gly203Fro + Ile208Gln + Trp212Ser 
Gly205Asii * Gly2X5Giu + GXy222Pro 
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Gly203Ser 

4- 

Thr2l7Glft 

4- 

Ile220Leu 

hexiZOBS^r 

+- 

GIy214Ser 


Giy222Gln 

Il®20SGly 

+ 

Leu20SPro 


Ser22lAsp 

GXv205Asn 


Thr206ser 

+ 

Ile220GXy 



X*eu209Met 


GXy222Asn 

Gi'/203Ser 

+ 

Trp2i2Gln 


Ser216Asp 

Giy205Asn 

+ 

Ile208Cys 

4- 

T]br2lXGin 

Thr311<3Iy 


Trp212Gly 

■f 

Thx223GXu 

Gly205Asn 

4- 

Gly214Pro 

4- 

Ser221GXu 

Giy20SSer 


Trp212Ala 

+ 

Ser216Asp 

Giy203Gln 


Arg2J8Giu 


Il8220Leu 

Ser207Asp 


Thr2XlAsii 


Thr223Giy 

Trp2i2Cys 

+ 

Giy2l5Asri 


Thr223Pro 

Giy205Asn 

+ 

Giy2l4Ser 

+ 

Arq[2l8Glu 

Gly2X4Pro 

+ 

Thr2i7GXu 


GXy222Asn 

Tiur206Gin 

+ 

IIe208Asn 


Thr2IlSeE 

Gly20361ri 

+ 

Gly214Pro 

+ 

Ser2X9GXu 

Trp212His 


rXe2nGin 


Arg2l8Giu 

lXe208Ala 

-»■ 

Iie213Ala 


Ser221GXu 

Pro204Asn 

+ 

Xie208i,«u 

■s- 

tr|>2i2Pro 

Giy205Asii 


Ser219Asp 

+ 

Ile220HiS 

Gly205Glii 


ile208L«u 


Thr2IXGXn 

Trp212Tyr 


Iie2X3GIy 


GXy2l5GXn 

Trp212Met 


GXy2l5Glu 


Gly222Asn 

Thr206Ser 


Thr2lXSer 

+ 

Thi:2X7Asn 

lie208L«u 


lXe213Ser 

+ 

rle220Pro 

lieSOSSer 


Gly2X4Pro 


GXy222Asn 

Tbr2llSer 


Ser2X€Glu 


Thr223Pro 

Giy203Ser 


Tto217Pro 


Tixr223GXy 

Giy203S€ir 


Trp2l2AXa 


Gly214Asp 

Giy205j^sn 


IXe208Val 


S€r219Asp 

Qiy203ser 

+ 

Pro204GXn 

4- 

Ser22iAsp 

Giy203Pro 


Trp2X2Gly 

4- 

GXy222Pro 

Ile208Giii 

+ 

Thr2X7Gly 

4 

Arg2i8GXu 

1!hr206Gln 


Ser207Glu 

4- 

Thr223Gly 

Ser207Asp 


L€ii209His 

+ 

thr2XlPro 

li«20SThr 


Trp2i2Val 


i:Xe220M«t 

l,eii20$Ala 

+ 

Ser221Asp 


Thr223Gin 

Giy203Asn 

+ 

fhr211Gly 

+ 

Gly2i4GXu 

Giy214Pro 


GXy2i5GX« 


Iie220Pro 

Giy205Ser 

4 

Gly2i4Asn 

+ 

Ser2l6Glu 

Thr206Gin 


Iie213Thr 

+ 

$er21SN3Xu 

Pro204Giy 


thr2XiGly 

+ 

Ser221Asp 

Giy203Pro 

+ 

GXy205Asn 


Giy215Asp 

Gly203Pro 


Thr21 XAsn 

+ 

■Thr223Asn 

Pro204GXy 


Leu209Pro 

+ 

GXy215Giu 

Gly203Pro 


Iie2X3Glu 

+ 

IX«220GXy 

Pro204GXn 


IXe213M€t 

+ 

Ile220Pro 

Giy214Pro 


mr2l7Gin 

4- 

GXy222GXu 

IX8208His 

+ 

Ser22iGiu 

4- 

Thr223Asn 

GXy203Pro 


Giy214Asa 


Arg2X8Asp 

lXe213AXa 


S6r2XfiAsp' 


GXy222Ser 

Gly203AStt 


Thr2XlGly + 

Thr2l7Asn 


wcmmmm 
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Leu209Met + Thr211Gla + Ser21$Asp 
Thr206Ser + l4e«20&Iie + fiir21IGly 
Ile213Mev + aiy215Gin + Ser22iAsp 
Pro204Asn + Ser207Asp -f Ile220His 
Gly203GXxi + Ile208Val + Ser221Asp 
Tiir217Gln + Iie220¥al + Thr223Glu 
Giy20SAsn + Ile208Val + ll«2i3His 
Thr206Asn 4 Thr21lGiy + Thr217Asp 
S«r20?GIti + Iie208Cys + Giy215Pro 
Pro204Rsn + Gly205Pra + T2p212lle 
Pro204GXy + Ile2D8Val + Tbr223Asp 
Pro204Gly + Gly215Asn + Zie220His 
Gly205llsn + Thr21lAsn + Trp2l2Pro 
Pro204Ser Thr20SGii3 f Iie213Val 
Gly203Pro + Ser20?Git3 + Giy214Asn 
Pro204Gin + Gly2i4Glu + Giy2l5Glu 
6iy205S6r + Thr217Asp + iM:g2l8Asp 
Leu209Met + Thr217Asp Arg21SAsp 
Thr2i?Asp + Ara218Asp + Iie220Cys 
Tlir2ilGln "f Ser22lGlu -f- GXy222Asp 
Giy205Fro + thr206Asp + Ser207Glu 
Pro204Gly + Thr206Asp + Ser207Glu 
Thr2IlGin + Ile220Glu i- $8r221Asp 
Trp2l2Tyr + Arg218Asp -f- Ser219Glu 
IIe208¥aI -f- Arg2I8Giu + Ser219GlU 
Giy20SGin + Gly2i5&sp -t- Sar21€^p 
Leu209Giii + Trp2i2Phe + Ser21SAsp 
Thr20fiGlu + Iie208Aia + Ser221Asp 
Giy20SAsG + Ser207Glti + Ser22lGlu 
Ssr207GilI ^ thJ:21lAsjj 4 Ile220lisp 
Giy203Pro + Ser207Gitj + Ile220Glu 
Ser2073lsp » Trp212His ^^ Ser219Asp 


TABLE 2S 


Gly203Gln + Thr206Gly + L«ii209Ser + S«r219Slu 
Iie20SVai + Tfar217S«r + S«r219Asp + 61y222Pro 
Gly203Asii + Ile213Thx + Giy214Pro + Ser219Glu 
Gly203Glii ^ •rrp212Hie + Gly214&»n + Gly215Asp 
Ser207Asp + teu20SThr + ThrSllPro + Trp212Gly 
Giy20SPro Trp2l2Asn + rie2l3Hi» + Il«22aAsp 
Gly203Gin * Pro204Ser + Trp212rie + Iie220Ser 
Pro20461n + Thr21lGIy + Ser219Glii + Ile220Met 
Gly203GXii + Trp212Giy + Giy21SGX» + Ile220Ala 
Thr206Gi» + ThsrZllPro + Giy215Ssn + Iie220Thr 
i;«u209Vai + Thr211Ser + Arg2182isp + Ile22GSer 
Gly20361n + Ii«20SCys + i:,6u209S«r + Gly214Slu 
Gly20561n S«r2076Xu + GiyaiSGIn + Ile22<WUa 
IIe208Aiai + Leti20SVal + Ser216Glu ♦ Thr223Pro 
Pro204Gly + Ii8208Hi« + S«r2l96l» + Il«220Ser 
ThraOOisp * Ii«208Siy ♦ Thr217As» + Thr223Ser 


vctfimmsm 


Gly203Rsn -r jLeu209Ser 

IXe2l3Asp + Giy214Ser 

Trp2i2Tbr + Iie2l3Gly 

Giy203as» + I>eu20l9iAsp 

Tiir20^n + Tfcr2XlSer 

Pro204A»n + Gly205Gln 

Gly203Gln + GiylOSAsn 

(51y205Gln + Iife213Vai 

ThJr206Pro + IXe2i3Pro 

<51y203Asn (5iy2l4&sn 

Jie2I3A»n + Ser2l6Asp 

Pro204Ser Leu209Pro 

GIy2036in Giy205Ser 

Giy203Glli + Ser207iisp 

Pro204Gin + Leu209His 

Thr2063lsp + Iie208Thr 

IX8208!rhr 4- i«u20$Gly 

Pro204Asr. -r Ile208VaX 

Iie208Asn + Thr2XlGln 

Thr206Giy + Ssr20?GliJ 

Lfeu20SGlu + Gly2l4GXrj 

Giy205Glr. + Giy2X4Asn 

Gly203GXn Leu203VaX 

Thr2XlGXn ^ Trp21201» 

Pro204Ser + lXe208Ser 

Pro204Gly + IXe208Sfeir 

GXy203GXn + Thr2XlGXy 

Pro204Asn + ThJ:21XSer 

Pro204Giy + Trp212M8t 

thr206GXu -t- Xi8208X,et* 

Thr20€GXy Trp2X2Leu 

GXy203Ser + GXy214asp 

GXy203Ser + Pro204Asn 

GXy203Ser 4- Tfer2XlSer 

Ser207GXu + IIe2D8GXy 

GXy203asn + GXy205Pro 

l.eu209&»n Thr21XGXy 

GXy203Pro <(• £>roa04l!usn 

XXe208Ji^n + Tfar2X7Pro 

Thr20«ser + Thr2XlGXn 

GXy20SPro + GXy2X5Asp 

Pro204Gln ♦ IXe208Thr 

GXy203Pro + Leu209Met 

Tbr206Gly + Le»209Cys 

IXe208GXy + X,eii209Het 

GXy203Asn + Thr206Ser 

IXe208ais + Thr21XSer 

Thr206Ssr + Xle20SPro 

GXy205Pro + Thr206GXu 

Thr2X3iisn XXe213Gln 

Thr206a«n + Txp2X2VaX 

P3ro204Asn + $8r207Asp 

Pro204Ser ^ Ile2X^fet 


4- 

GXy2X4Ser 


Ser22XAsp 


XXe220GXn 


GXy222Asn 


GXy2i4Ssr 

+ 

ZXe220iU.a 


Trp2X2Phe 

+ 

Giy222GXn 


IXe2X3GXy 


Sdr2X9Asp 




Ser207GXu 


Ser207Asp 

+ 

Leu209Thr 

+ 

6iy2X4Pro 

+ 

ArgSXSGXu 

+ 

Gly222Pi:o 

+ 

fhr223Asp 


Ser22Xl^p 


Thr223Gly 


IXe220Astt 


GXy222A«n 

+ 

IXe2X3GX« 

+ 

IXe220Pro 



+ 

GXy2X5Ser 

+ 

Thr21XGXy 

+ 

GXy222Asn 


Thr2X7Gly 


S«r2XdGXu 


LsuS 0 9AXa 

+ 

Thr2X7Asn 


At* 9218Aj5p 


XXe220I^u 


l»eu209Hi$ 


Ar92X8GXu 


Ser2X9»GXu 


GXy222GX» 


IXe208Thr 


Xle2X3GXy 


IXe220VaX 


GXy222GXn 


Thi:2l7GXn 


Xhr223GXu 


GXy2X5Pro 


IXe220GXu 


GXy2X5Jlsa 


Ser2X9GXu 


GXy222GXii 


!rhr223Gln 


GXy21SGli» 


Se!r22XA5p 


XXe2X3teu 

+ 

GXy2X4Asn 


Gly2X4Asp 


?hr2X7Asn 


GXy215GXu 


GXy222Asn 


IXe215S6r 


Ile220Pro 


GXy2X4Asp 


GXy222Ser 


Titzr2X7P3ro 

* 

Thr223GXy 


IXe208iU.a 



+ 

Ser219GXu 

+ 

GXy222Asn 


Thr2XXPro 


XX(ft220p3ro 


Leu203jyia 


GXy222GXu 


IX«213Thr 

•f 

7hr223GXn 


lXe213His 

-f* 

!riir2X7GXn 

+ 

lXe220l(eu 

•f 

Ser22XGXu 


IXe213GXy 


Ser22XAsp 

+ 

Iie220Hi» 

+ 

Thr223GXy 

-f 

S€s£2 X 9Asp 

+ 

GXy222Asn 

+ 

Thr2XXPj:o 


Xle220Cys 

+ 

IXe2X3Hi« 

+ 

S$r2X6%3p 


Tbr2X7GXy 


IXe220Pro 


Giy2X4GXa 


3^x22 XGXia 

*■ 

Trp2X2Pro 


Arg2X8Asp 


X<eu209XXe 


Gly2X4Asp 

+ 

IXe213Els 


SXy222Asn 


Thr2X7Asp 


thr223Ser 


Arg2X8GX« 


IX«220Pro 


Thr2XXGla 


GXy2X4Ser 

+ 

GXy2X4Asp 

+ 

Tfar2X7GXy 


Giy203Pro -s- Ilfe20ft!U.a 
Ser20?^tsip + Trp2i2Cys 
PXO204A5II * (3iy2l4GIn 
Pro204Ser + Trp2X2&la 
?r«5204Asn + L«u209GIy 
?ro204Ser + GlyZOSGIit 
Giy203Asn + Gly20SSer 
Thr20SiPro + Thr21XGia 
S«r207Asp + Gay214Asn 
Trp2i2Tyr + IIe2X3Vai 
SIy205Fro + XleZOSGly 
GIy203Aso + X,eu209Gly 
Pro204(31n + IXe208Cys 
FxoZ04J^Bn + Giy205Pro 
Giy203Pro * Ile213Ma 
GXy203Gin + Pro204Gly 
Gly205ftsii + ia«2l3Giy 
Gly203Asr. + Tiir2XlGin 
Ils2l3Thr + Giy2i5Gln 
Gly203Asa Pro204Ser 
Gly203Ser + Ttir2ilGitt 
Gly203Ser + Piro204Ser 
Pro204Gly + Giy214Asn 
Iie20SCys + Thr21lFro 
Pro204Asn + IJe213Met 
Pro204Gly + Gly205Pro 
Gly203Ser Thr206Giy 
Pro204Asn Ile213Glu 
Gly203Asn + Thr212GIn 
Gly203Gln -t- Ii€209Cys 
Fro204Gln + Gly205Gln 
Pro204Gin + Leii20^et 
Giy20Silsn ^ Iie208Cys 
Giyaoapro + Lea209Cys 
Giy20S&sn + Thr20«Giy 
Pro204Gin + Thr206Pro 
Gly203Gin + Iie208«et 
Pro204asn + Leu209Val 
Gly203Asn 4- lle208His 
Pro204Asjfs * l4Su2a9Pro 
flir211Pro + Ile213Asa 
thr211Gi» + Gly215Ser 
Giy205Asii + Thr2i7asp 
IIe208Thr * Leu209Tiir 
Giy203AsB + Giy205Asn 
Tbr206Ser + Trp212Fro 
Ile20SPco + Thr211Ser 
Pro204Ssr + Trp22.2M€t 
Giy203Gln + Thr206Giu 
Giy203Asn + Thr206Giu 
fhr20€3^S!p i- Ser207Asp 
5ly203Gln + $&r217Ser 
Gly205Ser + Thr21l6l^ 


+ Ser2i6GXu + Thr2l7Pro 
+ Giy2l5Pro +■ Thr2X7Gly 
4. Ser216GXu +- Ile220His 
+ Giy214Asp ^ Gly2X5Pro 
+ Thr2llGiy + lXe2X3Thr 
+ IleaOSHis + Ser219Asp 
+ Leu209Ser + Arg21SGlu 
+ IXe2X3Giu + GXy2l4Asn 
+ Ile220Val + Glv222Asn 
+ Gly2X43isn Gly222Ser 
+ Ssr216Rsp -t- lXe220HiS 
+ GXy2X4Pro + Arg218Asp 
+ Ile2X3Giy + Gly215Glu 
+ Le«20SMa + Thr211Pro 

* Thr2l7GXy + Arci218GXu 
+ IXe220Giy ♦ Ser22XGXu 

* GXy2X4Pro GXy222Ser 
+ GXy2X4GXo. 4 GXy222Gln 
+ Ser2X9Asp + Ile220Pro 
+ Arg218ilsp + rhr223Pro 
+ Arg2i8Gl« ♦ IXe220Val 
+ Ile208Ser + Thr211GXn 
+ Gly215GXu + Thr223Asn 
-i- Trp2l2Ser + Gly215Pro 
+ Thr2X?Glu + Xie220Gln 
+ Iie208Giy + Thr211Pro 

* IXe208Asn + Ser219A3p 
+ Giy2X5Pro + Thr217Asn 
-f- Arg2X8Giu + IXe220GXy 
+ GXy2X5S«r + Arg218Asp 
+ Giy2l4Ser + Thr223GXy 
■f frp2X2Phe + Ser2X9GIu 
+ Leu203IXe + Ile220Asn 
+ TJar217GXy + Il«220Gly 
+ Iie208Asn 4 Ser2X6GXu 
+ Ser2076iu + GXy2X4Asn 
4- Trp2X2Mis + Thr223Pro 
+ Thr2XXAsn + GXy2X5Ser 
-^ Ser221Asp * GXy222Ser 
+ Ser2X9GXu + IXe220GXu 
+ GXy2X4GX« + GXy2XSAsp 
+ ttir217Asp + Arg2X8Asp 
+ Arg218Asp + IXe220GXn 
+ Ser221Asp 4 GIy222GXu 
+ Ser22XAsp Gly222GXu 
+ Ser22XAsp + GXy222Asp 
+ Giy222Asp + Thr223Asp 

Gly222Gitt + Thr223Asp 
+ Ser207Giu + Thr211Gln 
+ s«r207Asp + Thr2XlAsrx 
+ Iie220Tlir + Thr223Pro 
+ IIe220Giu + Ser22XAsp 
4 Air^2X8Gitt + Ser2X9Asp 
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Le'j209Gly - aiy214Ser 
Ii«208GlB - Gly214Pro 
Ii$208Sly - Iie2X3Het 
Iie208Ser - Leu209Asp 
Pro204Gin ^ Iie208Thr 
Thr206Asp + trp2XaGXn 
Giy203Asn + Thr206Asp 
Pro204Gin + Thr206Gl« 
£>ro204Giii Gly205Gln 
Ser20?Asp ^ Ile208Leii 
Se3r20?Glu + Leu209Met 
Thr217Asn -r Arg218Asp 
5-ro204Asn - Ser207Asp 
Pro204Giy Giy205Pro 
Giy20SGln + Ser207Asp 
Ser207Glu ^ Iie208Ser 
Thr20gAsp Thr217Ser 
Trp212Gixj ^ Gly2l4Asp 
Giy214asp + Giy215GXri 
Giy203Gln 4- Leu209Asp 
Pro204Ser + Leu209Giu 
Ser20?Asp - Ile208Giy 
Bro204hsn Ser207Glu 
Pro204Sex + Giy20SSer 
Thr206Asn + Ser219GX« 
Thr206Pro -^^ Trp2i2Pro 
Gly203Ser Giy215Asi5 
Tlir206Gln + Trp2X2As« 
Leu209¥ai - Trp212Iie 
Pro204Giy - Iie208Pro 
Iie208Gly - 'rhr211l^n 
Trp2l2His - Ile213Asn 
Iie208L«u -^ Thr2XiPro 
Giy203Asii + Thr21?Asp 
Thr206Fro Thr2i7Giu 
Gly203GXa + Gly2X5GXu 
Giy2Q3Asn + ArgaiSGlu 
Leu209Ket + $er219Asp 
Thr2iiSer + Ile2i3Gly 
Thr211Asn + Ser2i6Rsp 
Ser216Glu + Arg218Asp 
Giy203Pro + 'rhr206Glu 
ser207Giu -i- Leu20SGin 
Giy205Gin + S8r207GXu 
Giy20SAsn + Ser20?GXii 
Gly205Gln + Ser20?Giu 
Ser207Asp Trp2i2Giy 
frp212fhr + Gly214Gi« 
S«r207Asp + Arg2X8A5p 
$er207Asp 4- T£p2l2His 
Fro204Asii TiiraOSAsp 
Thr206i&sn + Iig2l3Pro 
Thr2iXGin + Gly2i4Gita 



ArcF218Glu 


Ssr2l9GLu 


Se3r2i6Asp 


Xhr2i7Giu 


Giv2i5Gi^J 


Ser2i 6Glu 


Thr2XlGiy 


Ser21SAsp 


Leti209Asp 


Ssr2 1 9Asp 

+ 

Ssx221Asp 




Trp212Phe 


Sfer221Glu 


Leu209Ile 

+ 

S§r22lGlU 

t 

Ser2076iu 


S«r221Glu 


'frp2i2Iie 


Ser22 XGXu 

•f 

Iie220Giu 


Thr223Ser 


S€r2X9'Asp 

+ 

Ile220Asp 


S«r219Giii 


Gly222Gln 


Ser207GXu 


Ssr219Glu 


Trp212Vai 


Ser2X9GXu 


Ser2X9Glii 


Thr223Gly 


Iie220Asp 


S^r221Glu 


Sfir216GXu 

+ 

lXe220Val 


Ser2i6Glu 

4- 

Thr223A5n. 


Thr2XiAsn 

+ 

Arg2X8Glu 


Arg218Asp 

+ 

Ile220Cys 


Ser221Giu 


GXy222Asp 


Set:221Asp 


Gly222Asp 


Iie213Asp 


S0jr2 X 6iAsp 


Ser22XGiu 


Th.i!'223Asrii 


Ser2i6GXu 


Arg218GXu 


S&t2 1 SAsp 


Arg218Glti 

+ 

S€ir2X6Asp 


Arg2X8Glu 


Ser2 1 6Asp 


Arg2X8Glu 


S&t2 1 SAsp 


Arg2 1 8Asp 


Sex2 1 SGX^i 


Arg218GXu 


Thr2X7Giu 


Ser2X9Glu 






S«r2X9Giu 


Ile220AXa 


Ser2X9Giu 

+ 

Ile220Ala 


'rhr217GXy 


Ile22QCys 


S'2!Jtr219Asp 


Ser22XGlu 

+ 

Ser22iGlu 


GIy222A5p 


Ser216AjBp 


Ajrg2X8Asp 

+■ 

Acg218Asp 


Sejc219Asp 

+ 

Ser219GXu 

+ 

Thr223Ser 


Leu20d>Asp 


Ile220Asp 


Gl y22 2Asp 


Til 1:223361: 


IXe213Gin 


Gly222Asp 


IXe213Leu 

+ 

Gly222Asp 

4 

Gly222Asp 


Tiir223Glu 


Ser2X9Glu 


Gly222Glu 


Ser216Asp 


Arg218Asp 


Ser22lAsp 

+ 

GXy222Asn 

+ 

Arg218Glti 


Ser221Glu 


Tihir211Ser 


Ser219Asp 


Giy2X4Glu 


1']ir217Asp 


Giy215Ser 


Thr217Glu 
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Leu2Q9Asp + Giy214Pro -t- ser22l<Slu + 01y222Asp 

Ser207GXu + I,eu209Ala + Ile2i3S_La Arg218Glu 

Pro204Gln + Ser207GI« ?rp2l2Leu + Arg218Asp 

Pro204Gly + Ile213Glu + &rg218Gi« + Ser2X9Glu 

Pro204Giy + ^htZOmXu + I,eu209Asp + Thr223Gly 


TABLE 26 

Loop 6 - Quinttp}« Substttution Vaiianis 

Pro204Giii ■* Giy205Gin + lle208Ma + Ser2i6Asp + 
eiy222Pro 

Pro2046in + S«r207Glu + Iie20eser + ThrailGly + 

Gly205Gii5 + Trp212Phe + Giy214Pro + Giy215Asp + 
Thr217Gly 

Gly203Asn + 2i«208Glii + i:<«tt209Gi» + Thr2XlPro + 
Thr223Asp 

Gly203Ser * IIe208Cys * Giy214Gin + Ser219Glu + 
Iie220Thr 

Trp212Gin + Iie213Ser + Giy2l4Asn + thr217Glv + 
Iie220Ser 

Gly205Ser + Iie208Pro + Trp2i2Tyr + Gly214Gln + 
SeraaiAsp 

Gly205Gin + thrSOCGlu + lle208Tiir + Leu209Thr + 
Trp2i2Cys 

Gly203Asti + Giy205{'ro + Ii€208Vai + Giy214Asn + 
Ser21SGiu 

Gly203Gln + Giy205Gln * Ile208Gly •^ Thr217asn + 

Gly222Ser 

Ile20SM«t + fl«r2ilGIy + Ii€213Cys + Gly2i4Pro + 
Iie220Leu 

Thr211Fyo + Il«2l3Ser + Thr217Asp + lle220Pro + 
Giy222Gi5i 

Pro2Q4&sn + Giy205Ser + %r211Sly -t- Iie220Thr ^ 
Gly222Astt 

Gly203Asn Gly20S&sn + Leti20SRis + Iie220flis + 
Thr223Gla 

Pro204Gly + Ii6:208Asn + tfar2i7Gln * Gly222Glu + 
Thr223GXn 

Giy205Gin + Sair207Asp + Ile208Het * Il€213Cvs + 
Gly214Pro 

Gly20S&sri + Thr211Giu + Trp212Mst * Thr217Glu + 

Giy222Asn 

Gly20SGin + Thr206Pxo + Leu209Glii * Iie213!Phx + 
llfe220Giy 

Thj:21i^n + Gly214Gin + Giy215S«r + !rhr217Ser + 

Giy222S€r 

Pro204Gly + GIvSOSGIb + fhr21IGly + Ser221Glu + 

Thr223GiR 

Gly203Ser + Ile20SThr + Ii«220Vai + Gly222Pro + 
Thr223Gly 

Gly205Asn + Tfer206Pro + Ser2i6Giu + ThrlUGln + 
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Gly222Ser 

GIy203Asn f Pro204GiR + Ile20SM$t + Gly215Gln + 

Glv205Gia * Thr206Pro + Trp2i2Ser + Iie213Gln + 
Ser221Giu 

Le«209Gin * Giy214Gin + Thr217Ser + Ser221Asp + 
Thr223^n 

Ser207<3iu * Trp2i2Tyr * Iie2i3Giif + Giy214Pro * 
Ile22DPro 

Gly203Pro + trp212l>£D + Giy214Giu + Gly215Pro + 
Gly222Pro 

Piro204Ser + Tbr206&s» + ThE2ilGly + Trp212GXn + 

Thr223GlB 

Pro204Giy + Thr206Pro + Trp212Val + Giy214Pro + 

AtgZlBQlu 

Gly203Gin - thr211Gla r Giy215Asn + Thr217Glu + 
Ii«220Vai 

Gly203Gin r Gly205Pro -r Leu205Vai + Thr2aiGXn + 

Gly214Asp 

Pro204Asn + Iie213Thr Giy215Gin + S«r219Asp + 

IX€220Pro 

Pro204Gln + Tbr206Asn + Iie208Met + Gly21SGlu + 
Ile220Ala 

Gly203Ser + Gly205Pro lle208Asn + Leu209Giti + 

Th.r2UGin 

Pro204Gly + Giy205Gln * 'Jh£:21lser + Trp212Met + 
ThrZllPro 

Gly205S«r ♦ Thr206Giy - li€208Val * Giy214Asp + 

Thr223Fro 

Ser207GXu - Iie208Ala - Gl/2i5Pro + Thr217Gln + 

Thr223PrQ. 

Gly203Ser + Gly205Gin + Trp2X2Asn + Ile2X3Ser + 
Thr223Pro 

Pro204GXn * IleZOSAla +■ Leu209GXn + ThrZlXSer + 

Gly214Ser 

Pro204GXn ♦ lXe208His Thr2lIGln + 6Xy2i5Pro + 

Ser2ieAsp 

Pro204Gln + heu209ll^ * Thr2IlSer + Gly214Ajsp + 
IIa220Cys 

Leii209Ile + TJu:2XXGIn + Trp212Asn + IXe2X3VaX + 
Thr2i7Asp 

Pro204Asa ♦ lXe208His + L€u209YaX + Thr2XXAsn + 
Gly222Ser 

Giy203GXll + Pro204Asri + GXy205asn + Ile213Ma + 
GXy2i4Asp 

S«r20?Asp + THrailGla + Trp2l2Giy + GXy222GXn + 
11sr223Gly 

Gly205Gln + Iie208GXy + Tibtr2IlGXa + Il€220Ser + 

Giy222Asp 

Glv205Pro + 2ife208Pro + L«u20S¥aI + IXe220I<eu + 
Gly222Glu 

Pro204GXy + Thr206Glu Leu209Cys + 21e213His + 
IXe220}iet 


LeuSOdGly * Trp212Val Ser2l€Asp + lie220Cys + 

Gly205Gln Leu20»Val + Thr211Asn * Gly2X4Px-o + 
Gly222Asp 

Ils203AXa 4- Leu209His + GXy2l5Asn + iie220Val + 
Gly222Glt3 

Ser207Glu ♦ Ile20SPro + Thr21iAsr}t + IIe213His + 
Giy222SeJ: 

Il«208His + Leu20SCys + Thr217Fro + Ile220Glu + 
GXy222Giii 

Pro204Gly + Giy205Ser Ile208Aia + Trp212Leu + 
Thr223Asn 

Giy203Pro + Gly205Pro + Trp212Aia + Giy215Ser + 
iy:g218Giu 

Px:o204Ser + Trp212Ala -i- Ile2i3fhr + GlyaiSAsn + 

Ser216Glti 

Thr21iAsn + ?rp212Thr + Ser216Giu + Giy222Gln + 
tlir223Pro 

Thr20€GXii + Iie208Pro -f- fhr211Gly + Ile213Leu + 
Giy215Asp 

Gly203Asn + Ile220Met + Ser221Giu + Gly222Gln + 
Thr223Asn 

Pro204Gla + fhr20€Giy ♦ Trp212Giy + Giy215Asp f 
Iie220Cys 

Giy2033lsn + Pro204Gin + trp212Pro + Iie220Gly + 

Thr223Asp 

Pro204S6r + Thr206Ser + Ile20SLe« + Thr211Ser + 

Giy222f>ro 

Giy203Ser + Ile208Thr + Lea20SHis •^ Thx211Gln 
lie220Glu 

Pro204Asii + ThtZllBro + 6Iy214Glii + Gly215Glu + 

Th.r217s«r 

Pro204Asa + Thr211Pro -f Thr21?Asp + Iie220Val + 

Thr223Gln 

Giy203Ser + Ilfe20SGin + l,eu209'Asri + Thr21lS6r 
'J'rj>2i2Asn 

Pjro204Asn + Iie208His Thr2llGin * Iie220Gly + 
Gly222Asp 

GlyaOSFro + Trj>212Val + Giy215Pro + Ser216Asp + 

Thr2i7Pro 

Gly203G2n + Ile208ftla + Thr2XlFro + GXy214Ser + 
Ara2l8GXu 

Gly203i&sn + Pro204GXn + h&u2Qmmt + Trp212Ser + 
Thr21?GXu 

GXy20SPro * Ser2Q?GXu Ile20SMet + Lau20^et + 
IXe220&sn 

Thr2XlGXy + Trp212Asn + Ser2I9GX« + Ile220iisp + 
Thr223Pro 

IleaoSHet + Ile2l3Tiir + TiivZllMsp * Arg2X8GXu + 
Thr223Gly 

GXy203Ser + XXeSOSGla Thr2X7GXu + Arg218Asp + 
GXy222Pro 

Gly205GXtt + Thr2X7GXu + ftrg21SGXu + lXe220His + 


Thr223Pro 

Glv2':-3Ser Ile213Gin ^ Thr217Asp + arg218Asp + 
GXy222Gln 

GIy203Pro + Pro204Giy + IIe208Gly + 3er221Asp * 
Gly222Asp 

Gly203Asji + Thx211Gia + Ile2l3Asp + Gly214Glu + 
Gly222Giil 

Thr206Glu + Ser207Giu + Leu209&sn + Tb.r2IlGln + 
Thr227Asn 

5iy203GXii -«■ Leu209Mel: + Tiir21lFro + iie220Giu + 

Iie208VaX + I*eu209His + Thr211Glii + Arg21S<31u -r 

Ser219Slu 

Gly203Pro + Pro204Asn + I.eu2Q9His Arg218Asp + 
Ser219Asp 

Iie208Als + Trp212GXn + Ara2iSGlu ♦ Ser219Glu + 

Ile220Thr 

Leu209Giy + thvZlWxo + Gly215Asii * Ser216Glu + 

Thr21?Asp 

Ile20SAsn + Le«209'rhr * Ile2i3His + Ser216Glu + 
Xhr2i?Glu 

L6u209Asn -f Gly2l5Glti + S'er216Asp + Iie220Asn + 
thr223Asn 

Gly2O3S0r + Pro204Glv + Gly22SGlti + Ser216Asp * 

Thr223Ser 

Pro204Gln + lie20SCy3 ^ Iie213Cys + Gly215GlU + 
Ser216Glu 

Pro204ain + Gly205Asri + Thr2Q€Asp + Ser207Glu + 
Ser221Glu 

Gly203Sln + Pro204Asn * thr206Asp Iie208Cys + 
Sexa2XGXu 

Fro204Giy + Thr206Givi - Iie208Gin + Trp212His f 
S^r221Giu 

Thr20SS^p + lXe208Ket + 'rrp2i2Met + Ile213Met + 

Ser22iGlU 

S^rZOfhSp + thr21IGin + Trp2X2Ma + Ile2X3Psro + 

Ser22Xiisp 

Thr206Gln + Ser207Asp + Leu209Val + Thr21XGly + 
$er221Asp 

Pjro2Q4Ser + Sei:207GXu + IXe208thr + Trp2X2IXe + 
Ser22 XAsp 

S«r207Glu + heviZ09Al& + Thr217GXy + Il6220AXa + 

Ser221Asp 

Ser207J^p + Thr2XXPro + Trp2X2Cys + Gly2X5Pro + 
Ser221Gi« 

Gly205pro + S€r207GXu + Trp212Aj5n + Ser22XGlu + 
Thr223Ser 

Giy205Gln ^ S«r20?Glu - Thr2XlGly + Thr2l7GXy + 
Ser22IGXy 

TtiraoSGXn Ser207Giu + IXe208AXa * Leu209Cys + 
IXe220Glii 

ThrSXXGin + &rg218Glu + Ser21&Asp + Iie220Asp + 
GXy222Ser 
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Gly205i^sa + Thr206Pro + S&r201Mp + Ser219Glu + 
aiy222Gin 

Pro204Ser + Ser207Asp Ser2i9&sp + Il«220Met + 

Thr223Pro 

Tiir206A$n + Ser207Glu IX«208Thr + Ile213Gly + 
Ser219Giu 

Gly205Gin + L«u209Asn + Thrlllhsp + iirg218Glu + 

Pro20*Gly * Iie20SVal + Ile213Asp + Gly214Glu + 

Ser21 6fi>sp 

Pro204Ser + Ile220His ^- Se£221Giu + 31y222Glu + 
Thr223Gl« 

7hr206&sp - Trp212Val + Iie220Glti + Ser221Asp + 

Thr223Fro 

ThraOSGlu + Ser207Asp + Giy2l4As» + Ile220Asp + 

fhr223Asn 

Iie20SI,e« + Lfeo209Vai Thr211Ser + Gly214Asp + 
Ser216Giii 

Ikr2IlS6r + ll6213His + Siy214Asp + Ser216Asp + 
Ii«220Gi» 

Giy20SFro Tiir2o$ser + j;^u209Glu + Tl3ir2i7iisn + 
Arg21SGiti 

Giy205Ser + Le«20$Asp + Gly2i4Ser + Gly215Ser + 
Arg218Asp 

Ser20?Qlti + Leta203Gly Trp212Phe + $er219Glu + 

Gly203Pro + Pro204ilsi5 + Thr21iSer + Ile213Glu + 

S€r216Giti 

Thr206Giu ♦ S€r207A5p * Iie209Aia + Gly215Pro + 

Ser2l9Giu 

Thr206Giu * I,eu20SS«r + Trp2i2Ile + lle220Thr + 
Giy222Giu 

Thr206l^p + Ser20?Asp + Iie208Leu + Iie213Pro + 

Giy222Giu 

Giy203Ser + Thr206Asp + Ser207Glu + Ile220Gln + 
Gly222Giu 

Thr211Giy + Ile2l3Aia + Giy214Gltt + Ser2l6Glu + 

Tht211Iksp 

Ser207|isp + *rhr2llGln + Arg21SGXtJ + $6r219Glii + 

lle220Val 

Ser207Gi« + Leu209Giu * Giy214Gln 4 lle220Val + 
Giy222Gin 

Ser207Giu + I.eti209GitJ + fiir211Gin + Gly2l4Gln + 
Thr22?Gin 

Gly205Gln + S6r207Giu + Thr211S«r + Arg218Asp + 

Iie220Giu 

L€ti209Giu + Thr217Pro + S€r219Asp + Ser221Glu + 
Gly222Ser 

Thr211Gly + Giy2i4Asii Ser2i0Giu + Ile220Leu + 
Ser221ftsp 

Giy203Pro Ile208Gla + Giy214Pro + Ser219jSLSp + 
Ser22lGlu 

Pro204Asn + I.«ii209Iie + S«r219GXtt + Ser221Asp + 


Gly222Ser 

Thr211S«jr + Trp212<3in + Giy2l«Gia + Ssr219Asp + 
Ser221Asp 

Le\j20aAia * Giy214Pro + Ser2i9Gl'j - Iie220Met + 
Ser22lGXu 

Pro204Giy + GlySOSGin + rie2l3Val + S©r216AsD + 

Arg2i8Giii 

Prc204Giy + Thr206Pro + Thr2ilAstt + Ser2i6Glu + 
Arg2i8GIu 

Tlir20€Asp + iie208Thr + Leu209Ma - Thr217Asn + 
Iie220Asp 

Pro204Gln + Thr20€Glu * Ile20aPro + trp212His + 
Ile220Glu 

Thr20€GXn + fiirSllSer -f- •rhr217Asp + Ser2a9Asp + 
Th£223Pro 

GIy203Ser + Pro204Ser + Gly205Fro + Gly215Asp + 
Thr2i7Glu 

G-y2P3Prc -r pro204Gln + Gly215Giu ^ ThranGlu 
Gly222Gin 

Pro204Ser + Leti20»4et + Gly215Glu * Thr2l7Asc + 
Tlir223Asn 

Pro204Gly + Trp212I*eu + Gly2i4Ser ♦ Ser221Asp + 
Thr223Asp 

Leu20SSer + Thr2lIAsn + Arg218Asp * Ile220Glu * 
Sej:221Glu 

Ile208Giy * Leu209Asn +• S«r219Asp * 5er22lGlu " 
Gly222Asp 

Pro204Giy + Iie208Leu + Gly215?isp - S«r2I6Glu 
Arg218Asp 

Pro204Gln + Ile208Giy + Giy2:£Asp - Ser21«Glu •* 
Arg218Glu 

Thr20€Gly + Xie2l3S«r + Ser216Gly * Arg218Asp ^ 
Sex2i3Glu 

Pro204Gin + Thr20€GlU + Ser207Asp + Ihr211A5H + 
'rhr223Gl« 

Pro204GXy + Giy20SSer + Sar207Giii + ArgSlSAsp + 

Ser221Asp 

Thr20€Asp ne2l3Thr + Gly2l4Ser -f- Ser219Asp + 
Giy222Gl« 

Gly203Asn + Thr206Asn + ile213Pro Giy21461u + 
Tfer2IliFlsp 

Pro204Ser + lXe213Giy + Giy214Giu + Thr2i7Asp + 
Iie220Ala 

Ser207Qiu + Thr2i?Asp + Arg218Asp + Iie220Ma + 
Thr223Ser 

Ser207Asp + Leu209Ser + Trp212¥ai + Gly215Ser + 

Arg2iSGiu 

Pro204As3a + S«r20?Giu + Leu20§¥ai + Trp212Phe + 

Arg218ASp 

Giy205Ser + Sejr207Giu Gly2iSGin + Arg218Glu + 
Thr223&sn 

Gly205Ser + Leii209Asp + Iie2l3Pro + Gly215Asn + 
S«r221Asp 
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Gly205Pro * Ser207Giu Leu209Giii + Thr21?Ser + 
GIy222Jisp 

SerXOTAsp * Leu209&sp + 'Phr217Giy + Gly222Asp + 
Th3:223$er 

Slya03Asn * Ile208Se3r + L&u2Q9Rsp + S«r216Glu + 
Ser2I9Asp 

Leu20SAla -f Trp212Ser + Giy214Giu + Giy215Giu + 
Arg2i8GItt 

Gly205Gin ^ thr206Glii + IXe213Glii + J\rg2a8Glii + 
Ser22161\i 

Pro204Gly + LeuZOaasn + Giy215Pro + Thr217Asp + 
Ile220Asp 

Thr20€Pro + Trp212Ma + Arg218ftsp + 3€r219GIu + 
Gly222Asp 

Gly2033^n + GXy205Pro + Trp2I2Aan + Arg218Glu + 
Ser22lAsp 

Thr206Giy * Iie208jUa + Trp212Tyr * Atrg2l8A$p + 
Ser221Glu 

Giy205GXn + Thr211Ser + Arg218&sp * Ser221Glu + 
TJsr223Fro 

Gly20SPro ThrSilFro + Trp212Pro + Jirg218Glu + 
Ser221GXu 

Giy2C3Ser * Arg218Asp + Iie220Mfi + Ser221Asp + 
Thr223Ser 

Trp212His -f- Ii«2ia&sn + Gly214GXw * Thr21761u -^ 
Ser2lSGXu 

Gly205Fro + Ile213Pro ♦ Giy215asp + Arg21SGlu + 
Ser2X9&sp 

Pro204S«r * Gly2X5>Si»p + Arg2l8GXu + Sex2X9GXu + 
GXyaaa&sn 

Ser207Glu + GXy214GXn + Ser2i6Asp + Arg218GXu + 
GXy222GXn 

Ser207Asp + GXy2X5Pro + Ser2X6SXu + Thr2X7Asn + 
ftrg2X0Sisp 

GXy20SSer + Ile208Cys Leu209Ma + GXy215Asp + 
Arg218Asp 

GXy203lisn + Ser20?A»p + Ser2X«Glu + Ser2X9Asp + 
Gly222Pro 

Ser207GXu + Leu2D9Il« + Ser2X6GXtt + thr2X7GXy + 
Ser2X9GXu 

Lee209iisp + Trp212Pro + SXy214GXu + Ser2l6Gltt + 
IIe220Cys 

Gly203GXn + Thr206Gly + X*tt209Ser + $«e2l6GXu + 
Sex219GXu 

IX«208l,eu + GXy2X4As» + S«r21 6GXu + Thr217Sejr + 
S02r21 9GXu 

i.8u209Ser + Ser216Gltt + Th3r2X7Ser + Ser2X9GXu + 
IXe220His 

£>ro204GXn Leu20&pEo + GXy214Ser + Ser2X6Glu + 

S€r219Asp 

tijr206Giy + IXe20SHet + Giy2iSAsp + Arg2X8Asp + 
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Loop6 > a^dufife Sdasitii^ variants 

<3Xy203A«n + Tfer20€ai8n + Xle2081U5n Trp212asn + 

Iie213I«u + Ser221Glu 
Pro204Sin + Giy205Gln + Iie208Aia * teu20Sfro + 

Ser2162^p * Oiy222Pro 
Gly2Q3Gia + Giv205Asn + Gly2i5Ser Thi:2l7Ser + 

IXe22{)Hec + S«!r22XAsp 
IIe208Pro * Leu209AXa Gly2X5GIn + Arg2X8Agp + 

Xie220Vai + Thr223Ser 
<3Xy203$«r + Leu209Cys + Trp2X2'ryr *■ SerSi^Asp + 

Thr217Asn + IXe220Val 
Giy2Q3Gln ■»- Giy205Ser + Leu209t2aa + Iie2X3Ket + 

Gly2X53isn + Gly222Asn 
GXy203Pro + SXy205Ser + i.eu2Q9AXa + Trp2l2iUa + 

Giy2i4GI» + Ser219Asp 
Gly2Q3Pro + L«u209lXe + Tfer2XXPro + Iie2X3VaX + 

Giy2X5Pro + Il«220Pro 
rhr206Ser + Ile20SAsn + Thr2iXGln + IX«2X3GXy + 

XXe2202<eu ^ Ser22X£sp 
Pro204Ser + Gly205rro ♦ Ile208Thr + Giy2X5&sp + 

Xle220His + Thr223GXy 
Giy203Pro + Pro204Gln + LeuaoSHet ThrSIXPro + 

Ser2193*tsp + XIe220Cys 
?rQ204A3n Thr2063Un + Ser2075>U5p + Thr2XIGln + 

Gly2X4Ser + Iie220Pro 
GXy203S«r + Leu209Pro + Trp2X2Het + Iie2X3Cys + 

thi:2i7Pro + Arg2i8GXu 
Pro204Asn + Giv20SSer + Iie20eAXa + Xie2X3Pro + 

GXy2X5Ser + rie220GXy 
Giy203S6r QXy205Asn + S«r207GXu + Thr2XiSer + 

Trp2X2VaX + 1:1^^2 X7Asn 
GXy203Gln Pro204Asn + Ile208His + X,eu209Pro + 

IXe213Iieu ♦ GXy222Asn 
Giy20Si&an + Siir206GXy + Ile208Pro * 1!hr21XPro + 

Trp2X2Ile + Thr223&s» 
GXy20SGin + 3:hr206S«r + Ile208Gln + Ser22iAsp + 

GXy222GXn + Thr223Pro 
Xie208Leu + Trp2i2Asii + Xle2X3thr + GXy214Ser + 

Thr2X?GXn + Se3:2X9GX« 
Giy203GXn + Pro204GX» + Leu209His * S«i:2X9GXu -i- 

GXy222ftsn + Thr223Gin 
pj:o204GXn + GXy2DSAsn + lXe2{)8Cys + Leti209IX€ + 

Iie22<msa + mr223GXu 
GXy203Pjr© -t- GXy205Gln + inix206GXy + Thr2XXGXn + 

Tjrp2X2Pro * GXyaXSGXu 
Thr20€SXn * Iie208Leu + thx2XXGXn + GXy2X4asn + 

IX«22GAsn + Thi^ZZmsu 
lX«208VaX 4> I»eii20SCys + Thr2XXSer + lXe2X3GXy + 

Gly214&$p + Tfar223Gly 


?rc2045er + Gly20SAsn ^ Lea209Ser + ThzZllGly + 

Arg2iSGlii + Gly222Ser 
Pro20^Ser + Giy205GIn + l^u203His + Tfer2llGlt» + 

Gly214Ser + Ser221<3iu 
Ile208His + I>eu£09Cys ♦ thr2liSer + Trp212Ser + 

Gl y214Glti + Giy222Asxi 
Iie208Gln Leu209Giy + Trp212Fhe -t- Tfar21?Pro + 

IIe220Thr GIy222Giu 
Giy205Pro + Ser2d7Giu + 21e208Het + Leu209Met + 

Trp2l2Cys + Iie22QAsn 
Pro204Ser + Thr206Asn + Ile208Gln + Trp212Phe + 

S$r219Giu f Thr223Giy 
Giy205Pro -f- Iie208Cys + Trp212Iie + Thr2i7Gln + 

Ile22QLeu + Giy222Pro 
Fro204£er + Gly205Ser ^ IX«208Cys + Il«2l3Pro + 

Ser22iAsp + Thr223Gin 
Pro204Ser + Thr205Gln Trp212Met + Gly2i4Ser + 

Ser22lAsp Thr223Ser 
Giy205Ser - Iia208Gin + llfe213Cys + 6ly2l5Pro * 

Thr217Gin + thr223jtep 
Pro204asn * GJy205Pro + lie208Ser * lle2i3Asp + 

Xie220Thr + Giy222Gin 
^ro204Asri + Iie208Ma 4 L«u209Ser + tijr211Gly + 

Giy2i5Ser + Ser219Glu 
Gly203Gin + Giy205GXr3 + Thr20e6In + Ser207Gl« + 

Ii«208Ala + Iie220Aia 
L€u209Ser + Thr211GXy + trp212tyr -f Ile2l3His ♦ 

S€r216Asp + Thr223Pro 
p£:o204Gln + Thr206Ser + IXe208Met * Leu20SCys ♦ 

Thr21iS«r + Gly21 4a^p 
Gly203Asn + Leu209GIn Thr2llSer * GivXISPxo ♦ 

XXe220Cys + GXy222Pro 
Leu209His + Thr2iXAsn + Trp212Ile -r IXe213AXa + 

Ser2i9GXti + Thr223GXy 
Thr206GXii + Ile208His + Trp212GXn + Giy2X5Ser + 

Ser221Asp + Thr223Gin 
IX02O8Cys + hmu2Q9mt + T£p212S«r Iie2l3Gln + 

Ser2l6GXu + thr223Pro 
Gly205Ser + L€u203Ket Trp212Giy Arg218Glu +■ 

IXe230GXy + Giy222Asn 
Pro204AsB + Trp2X2Glri + Gly215Ser + Ser2X6Glu + 

Thr2i7Asn + Ile22ftAsn 
Gly203Pro + Iie208VaX + I.eu209Asp -f- Trp2X2AXa + 

IXa220GXn + Thr223Gly 
GXy203GIn ■* GXy205Pro + lie208GXy Trp2X2Ser + 

Ti«r2X7Asp + Gly222Asn 
Giv205Ser + Leu209Thr + T!ur2176in + Xle220Met + 

GXy222SI» -f- Tfar223Glu 
GXy203AsB + Pro204Ser + Gly205Fro + T3-p2X2Pro + 

Gly2i5GXn + Thr21?SXu 
Fro204Ser Gly20SSer Leu209Asa + S«r21SGXu + 

lXe220Leu -t- Giy222Astx 
GXy203Gia + L«u209Thr 4 Txp212L«u + IXe213SXy + 


Ser219Glu + Iia220Eie 
Iie208Gl» + TzpZl2Qly + 

Gly222Ser + Thr223Asp 
?ro204S«r + Ii«208His + 

3iy2I4GIn * Ser2i6Asp 
31-/203ASS1 + Gly205Pro + 

""lle213Vai + Giy215Pro 
\5iy203&sn * Pro204Gin * 

Tiir2X7Gl« * Ai:g2i8Gi« 
Leu209Gln + Trp2i2Gin + 

Gly222Gii3 + Thr223GX« 
61y205Pro + Tfer211Gly + 

Ser219Asp + Ii«220Pro 
Giy203iflisn + Fro2046iR + 

Arg218Giu + Ser219Asp 
Giy205Pro + Tlir2IlGln + 

Arg2l8Glu + Ser2X9GXu 
Pro204Asn + GlySOSSer 

Arg2i8Giu + Ser219&sp 
'rhr206Pro + Giy214Ser + 

Ser21$Glu •* Thr223ft5in 
Thr206Gin + Leu209Glu + 

Gly215S8r + Ser219Asp 
Leu209Glu + Thr21iGiji + 

Ser219Glu + Gly222Pro 
Pro204Gln + Ser207Glu + 

Iie220Pro + SftxZZlhsp 
?ro204Asn + Thr206Gln + 

Leu209Cys + Ile220Glu 
ThraoeGiu * Thr2ilGln + 

Ser22msp -f Giy222Asp 
Giy203iAsn *■ Fro204Gin + 

Ser219!Asp + Iie220lisp 
S€r207Giu + Ile20SAla + 

Set2i9Glu + Iie220Gln 
Ser207Giu + L«u209Gly + 

Ser219Giu + lie220Val 
Ser207Giu + Ile2083isn + 

Ser219Glu + Thr223Ser 
Giy203asn + Gly205Ser 

Seraxsasp ^ XIe220Leu 
Gly2033isn + Pro204ftsii + 

Ser2I9Asp + Thr223Gia 
Gly203Pjro + Ile208Pro 

Giy222Asp + Thr223Asp 
Gly205Ser + Ser207Giu + 

Ser2XSGiu Gly222Asii 
Thr206Pro + Leu209Ser + 

Giy2i5Glii + ll&220ia& 
GIy203S«r + Ila208Ser 

Giy2i4&sp + Ser216Glu 
Giy203Ser + Gly205Seir * 

Giy2i5Ser + Ser216Asp 
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lle213Asn + 

Thr2X7JPro + 

Thr2iXGIy + 

IX«2l3lfet + 

Leu209Glu 

Trp212IXe + 

Leu209Het 

Trp2X2Ser + 

GIy214Asii -s- 

GXy215Ser + 

Trp2X2Vai + 

%rg2X8GIu + 

aiy205GX» * 

GXy214Pro + 

Gly2X5Asn + 

Thr2X7Ser 4- 

IXe208GXy + 

Thc2i7Ser ■*■ 

Thr21?GXR + 

2lrg2X8Glu + 

Tfar2XlJ4sn 

71^021211© + 

IXe2i3Val + 

GXy21SGXn + 

IXe208Pro -*■ 

Thr2XlGiy + 

Ser207GXu + 

XleSOSAXa + 

IXe213Prc + 

Gly2l4Asn ♦ 

I>eu209Asip + 

GXy2X5Pro * 

Thr2ll6Xy + 

Trp212S«r + 

Thr2IlPro + 

Gly2X5Asn + 

iieu203Cys + 

GXy215Asn + 

Ser207As:p 

Thr2l?Ser + 

Ser207Asp + 

lieu209Xhr + 


Se£'221A3p + 

L6U209GXU 

Th£21?Ser + 

ThrSllPro ♦ 

II«2i3GXu ♦ 

Leu209His ~ 

Trp2a2Gly * 

Trp2X2&ia + 

GXy2X4GXu + 
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51y205Gln * Ser2C7Giu + Ile208Ser + Leu209Gly + 

$ej:219Asp + Ser2aiGlu 
Thr206?ro + Ser207Giu + ii«20$Hls + Trp2i2Ma + 

Ser219Giu + Ser221^p 
Giiy205Ser + S«r207^p ■»- L«su20S(Cys + Thr217Pro + 

Ser22iAsp + 3iy222Glu 
Ser207Glu + Leu209Asp + irhr2ilGln + 'rrp212Gljn + 

Tiir2i7Gin + Ile220(31u 
Leu209Asp + 11u:21ieXn + Giy2l4Pro + Thr217Glu + 

Ser2XSGXu + Thra23GXn 
Gly203Ser + Tiir206GIu + S«r207Giu + Gly2X5S«r + 

Ser219Jisp + Xle220fhr 
Giy205Ser + Thr205Glu + 3er207GIU + Tiir2ilGly + 

Il«220Vai t GXy222Glu 
Thr206Glu + Ser207Asp + Leu209Ser + Trp212Ile + 

Iie220fhr + Gly222Glvi 
Giy203Pro + Ser207Glu 4- LeuaOSAsti * Thr21?Gln + 

Jlj:g218Asp + Ser219Asp 
Giy205Gln + Thr20€Gla + Ser207Asp + Arg218Glu + 

Ssr2i9JlSp + Il6220Pro 
Pro204Ser + Giy20SGln + Ser207Asp + IhtZHAsn + 

Ar9218Asp * SerllBhsp 
Gly203Pro + Thr206Pro + Ser207Glu Il€208Asn + 

Leu209Asp + Thr217Ser 
Giy203Asn + Pro204Gl» + Thr206Asp + Trp212Phe + 

Ser221Glu + Thr223Asp 
Pro204Gin + Giy205Gin + Ser207Glu + Leu209Glii + 

Trp212Het: + Ser22iGXu 
Gly203Asn + Trp2i2Phe GXy2i4S€r + Ser219Asp + 

Se3r22lGlu + t}ir223Gla 
Giy205Gln + Thr206Gln ^ Iie208Pro + Thr217Pro + 

Ser219Asp + Ser221Asp 
Gly203asn + Thr2iiasn + GXy215Pro + Ser2X9Asp + 

S«ir22llksp * GXy222&sn 
Pro2Q4S&t: + Trp212His + Giy214GXn + Ssr219GXTJ + 

Ser221GXu + Giy222GXn 
GXy203Pro + Thr21iGln + Il©2i3Ket + Sei:219GXti 

Ser221&sp + Gly222Ser 
Ile208Leu + Thr211Giy + Giy2X4Pro + Giy21SAsn 4 

Ser216Giu + iirg218^p 
lle209&Xa * I,eu209Pro + Trp212Pro + Ser216GXu + 

Arg218jfisp + Thr223Pro 
Giy205Gln + XXe208asn + Gly2X5S8r + Ser216Gl\j + 

iirg21SGlu + Thr223ftsji 
Giy203Ser + Thr20€Giy + Gly2X4Pro + GXy215GXn + 

Ser2i6ftsp + Jirg2X8Asp 
Gly203S8r + Thr206Pro + Trp212Pro + Giy2X5Asn + 

Ser216GXu + Arg218GXu 
Gly203a^n ^ Gly205&sn Leu209VaX * IXe220GXu + 

Gly2226iu * Ihr223Ser 
Pro204Gly + Giy205Pro + Leu209Ile + ll«213Met + 

Ser22lAsp 4 Thr223Giu 
6iy205Ser + Trp2l2Tyr * Gly214Pro + &tg218GXu + 


Ser^lSAsp + Se;r22lAsp 
3iy20SGin ■«- Ile208Ma + L«vi209Cys + Ara213Giu + 

S«r2l9Asp + Ser221A5p 
Gly205Gin + Leiu205Vai + Trp212Cys + IIe220Asp + 

S«r22lGlti + Thr223Asp 
Pro204GlB + Thx2llQln + Giy215Gitt + ThraiTi^p + 

Arg218Gi« Thr223Asn 
Gly203Gin 4 Le«209Asn + Ser216Asp + Arg2i8Glu + 

Ser219Asp-+ Th.r223Pro 
Ile208Ala -i- Le«209Pro + GIy2i4Ser + Ser2l6Asp + 

Arg218Giu + Ser219!Asp 
Pro204Asn * Ile208Giy + fhr2XlGl» + Seir216Asp + 

ArgaiSGiu + Ser2X9GXu 
Giy203Ser + Iie208Ala + lrp212S8r + Ser216Giu + 

Arg2l8Asp + Ser219Glu 
Gly20SPro + 'rhr211Ser + Ser216Glu ♦ Tbr217Asp + 

Ser219Asp + Giy222Asn 
Pco204Gln + t.eu209Aia + Giy215Gln + Sejr2i€(Slu + 

Thr2nAsp + Ser21 SAsp 
Pro204Asn + Ser207Gly + Thr2ilGln + GIy2i4Ser + 

Giy222Giu + Thr223A5n 
Gly205Asn + Ser20?Asp + Trp2l2His + GIy214Ser + 

Glv222Giu + Thr223GIu 
Gly203Ser + Ser201Giii * Tfer211Ser + Iie213Aia + 

Arg2l8Asp + Ser221Asp 
Giy203Gln + fhr206Giw + T3rp21211e + lle213Asn + 

Ser2l9Asp + Gly222Giu 
Ile208Ma + Leu209Met + ThrlllPro + Xa«2l3Thr + 

Gly214Giu + Thr211Glu 
Giy203Ser + Pro204Se3: * Gly205Ser + Giy214Asp + 

Giy215Pro + rhr2tlQlu 
Gly203Asn + Iie20S!4et Iie223Cys * Giy214AJ5p + 

ThtZllGln + Thr223Asii 
Pro204Asn + Leu209Ile + 'rrp2i2Val + Iie2l3Asp + 

Gly215Asp + Arg218Gi« 
Ser207Asp + Ile208Met Xhr211l»ro + Txp212AXa + 

Giy215Asn + Arg2a8Glu 
Pro204Asil + Thx206Gin + Sex20?Glu + Giy2l4Asn. + 

GiySlSGiB + Arcf238Gl« 
Gly203Gin + Gly205Pj:o + Ser20?Asp + XXe208Giy + 

Arg2i8GIii + Giy222Gl0 
Giy205Pro + Thr20€&sa ser20?Asp ♦ Trp2l2Tyr + 

Arq218Asp + Ile220Thr 
Pro204&sn + Giy205Pro * Ser207GXu + Iie208Gln + 

Thr217Pro + ArgaiSAsp 
T!i3:206Glii + Sei:20TGlu + Trp2i2S©r + Thr217Asn + 

Arg2l8Giu + Il«220Aia 
GlyaoSPro + fhr206Giu + L«u209TIir + Gly214Gln + 

Ar§f2i8Asp 4 Ser219Glu 
Gly203Ser + Pro204Asn + Ser207Asp + Gly215Gin + 

th.x211Msp -i- Ile220Asp 
Ile208Gly + Thr2liGln + Ile213Giu + Arg218Glu + 

Gly222Ser + thr223Gia 


Giy203Pro + Thr206Giy + Gly214aXn + Ser2l9Giu + 

Ser221Rsp + ThxZZShsp 
Thr21iGly + Trp212Phe + Ser21SRsp + Ii«220Pro + 

Ser22XGlu + Thr223Gl« 
L6u209Aia + Iie2i3AIa + S«r21 9!&$p Iie220Sln + 

Ser221Asp + Thr223Asp 
Fro204Gln + Le«209<3iu + Trp2ia8et + 61y214Ser + 

Gly2X5Asp + Thr217Glu 
:ie2GSH€t + Xle213Ser + Thr217Git3 + Iie220Asp + 

Sftr22X^P Tfer223Gln 
Leu20S&sp + Thr2liAsn + Ile2i3&sp + ^g2X»Glu + 

Ile220Leu GXy222S«r 
Gl y203Pro ♦ Gly205Gln + Thx2X7Asp + Arg218Glu + 

Ile22Qaia + Ser221Asp 
Trp212Cys Ile213Sly + Arg218Glu + Ser2l9Glu + 

Iie220Pro + Giy222Glu 
Thr20€GXn + Il«208Giy + l»eu2O0Ile ^ Arg2i8Glu + 

Ser219Giu + Gly222iVsp 
Gly203Gln + Ile208Met + Ser2X9Giu + Iie220Glu + 

Gly222Pro + Thr223GXu 
Gly203GXa + Gly205&sn + ?hr21XGXn + Ser2I9Asp + 

IXe220Glu ■¥ thr223GXu 
Pro204Asn + Giy205Pro + Leu209Ser + 61y2X4Ser + 

l!irg218Glu * S«r221Glu 
IXe208Thr ♦ Leu209|Susn + l?rp2X2Asn + Arg218Asp + 

Ser22lGXu Gly222Asii 
Gly203Ser + Pro204Gln GXy2{J5&sn + Thr21XGly + 

Arg2l8Asp + Ser22XGXu 
Pro204Asn ^ Thr206Pro + Giy214Pro + Ai:g218Glu + 

Ser221GX)a + Thr223ftsn 
Thr206&sp + IXa213Gln GIy2I5Asji + Thr217Asp + 

Ser2I9i&sp + Tfar223Ser 
Iie2X3Met + Gly2I4Jlsp GXy215S«r + Thr2X7GXu + 

S6r213&sp * ZXe22QSer 
Pro204Asn + GXy20SGln Ser207itsp + GXy215Fro + 

Ser219Siu + Thr223GXu 
Pi:o204Ser Thr2066Xn -i- Sei:207Glu + Thr217Gly + 

Ser2i9asp + Thr223?tsp 
Pro204Gln + trp2X2Le« + GXy2l5GXu + thr21?Fro + 

Arg218Asp + Ser219Asp 
Gly203&sis + fhr211GXy + GXy2i41lsn + Giy215Prq + 

Ser213isp + GXy222&sp 
GXy203Pro ?rp212Iie + Giy2X4Asa Ser2l9GXu + 

IXe220Pro * Gly222GXu 
Thr206Glu + Leu209Ile + GXy2X5/^B + Ser2X9Asp ♦ 

lX«220Cys * Thr223&sp 
GXy203&sn + Ser207Asp + Giy2X4Gla + Ser2X6GXu + 

Arg2XSAsp + IXe220Thr 
Ser207Glu + IXe208Cys + IXe2X3His + GXy2X4Ser 

Ser21SA3p * MxgZlBQlvt 
Thr206GXn + Il«208S«r + Leii209Asp + GXy215GXu + 

Ara2i8Asp + IXe220Aia 
GXy20SSer lX€s213Cys Giy214Asp + Arg2i8Giu + 


$er219Asp + Giy222GIn 
»ro204Asu 4- Gly214Asp + Arg218AsE> + Ser2i9Asp + 

{5ly222Pro ^ Tlir223Gln 
PrG204Gi'/ + Thr211Asn + Iie2X3Aia + GIy215Asp + 

ArgaiSGlu lUZZQQly 
Ser207Giy + Leu209Ii€ + Ser216qiu + Tiir2l7Giy + 

Ser2i9Asp Ile220Gly 
eiySOSSer + Ser20?Asp + Thr21iGiy + Ser216Glu + 

S«r219«sp + 11^220Asn 
Pro204Glii -f- Giy205Ser + thr206Asa + Leu209C;iu + 

Trp2X2Gly + Ser2lfiasp 
Giy205Fro + Trp212Giy + Iie213Hi» + <31y214Asp + 

Ser216Giu + Set219Gln 
Pro204Ser + Thr206Asn + Iie213Ma + S«E216Asp + 

Ser219Giu + Thr223Glri 
Iie208Asn + Trp212Asn + Giy215Asn + Ser2i6Glu + 

Ser2I9Glu + Iie220Ser 
IlelOSLeu Thr211Giy + Giy2X4GX» + Ser216Glu + 

Ser2i9Giu +■ Giy222Pro 
Pro204Ser + Thr206Ser + Ser22 6Asp + Thr217Pro + 

Ser2l9Glu +■ Thr223Asn 
Leu209Val + Trp2i2Cys + Gly214Ser •^ Arg218Glu 

Ile220Giu + ?hr223ia;sp 
Gly205Glii + Trp212Met + Giy215Asp + Arg218Slu + 

Iie220Glu + Giy222Ser 
Giv205Pro * thr20Sser + Ser207Giu + Leu209Gly + 

Gly2l4Ser Thr223Giu 
rhr206Asp L€ti209Giu + Ttir21lGiii * Tiir2i7Gln + 

Iie220Het + Tiix2236iu 
Pj:o204Giy + Ile20eCy5 + Thr21?S«r * Arg2i8Glu + 

Ser221Glu + Thr223Asp 
Ser207Giu + X*e«209VaX + JXe223Gly + Ser216Glu + 

Thr2l7Asp * Gly222GIn 
2ie208'rhr + Ser2166iu + Ser2iStSiu + Ile220Leu + 

Ser22lGlvi + Thr223Pro 
Giy203Gin Giy20SGla + Iie213Ma + S«r216GXu + 

Ser2X9Asp + Ser22iA5p 
Giy203Glii + Pro204Gin + Thr206Asp + h^u2QBR&n + 

Arg218GIu + Gly222Giu 
GIy205Gln + Ile213Ala + Giy2X5Gitt + Ser216GXu 

Iie220Giu + GIy222Asn 
Thr20eAsn + Ile20§Aia + Le«209^p + Il«2i3Slu + 

GXy2X4Glu + GXy222Ser 
Gly203Ser + Pi:o2045er + Ile208Cy£ + Ils213Glu + 

Giy2I5Gi« * S«r2i9Glti 
Thr206Pro + I»eu2Q3Cys + Ii€213Giu + Giy215Glu + 

Tfar2X7Ser -t- S&r2X&Gltt 
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Pro204AsiS + l,8u209thr + Thr21XGixi + Trp2X2His + 
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Giy2:5Asp + Iie220vatl + T}ir223Ser 
Pro204Gly +- Glv2QSf^n + 2ie20gLeu + Thr211Asn + 

Trp2Z,2Giy -^ Giy224Pro + ArqllBhsp 
3.1y203?ro - Thr206Gly + IleZO^^ro -f- ThrSilGln i- 

?hrai7GXu Xie220Met + 'rhr223Asn 
?ro204Gln + Iie208Aia * Leu209GIn - Thr21iSer + 

Gly214S€r + Ser219GIu + Tbr223Pro 
Pro204Giy + GIy205Pro + Thr206Giu * Iia208Pro + 

i:,eu209Vai + Iie2X3His + rie220Leu 
Gly205Gin + 7htZQ6S&z + Iie208t»€U Thr211Ser + 

Gly2l4hsn + Gly222Pro ^ Thr223Glu 
Pro204Gly + Gly205S6r + Ile208Ala + trp212L«u + 

Thr2I?GlB + Arg2ieAsp + Th3:223Asn 
Ile208As3fi + Thr2ilJisn + Trp2i2Vdl + Iie2l3Asp + 

Xle220Ma + Giy222Pro + Thr223Pro 
?ro204Gly + Ile208Cys + 'rrp212Cys + Iie21361y + 

Thr2i?Gia + Ser219A«p + Ile220Ma 
Qiy205?ro + Iie208As» + Thr2ilPro + Trp212Phe + 

Il«220Met + Ser22iGiu + Giy222Ser 
Giy203Gin + Pro204Ser + Tbr206Ser 4 Iie208Val + 

Trp2l2Tyr + Iie220Gly + S€r22lGiu 
Pro204S6r + Gly205Pro + L«u209Het + Trp212Leu + 

Iie213Asp + Gly215Gln + Gly222Ser 
Gly205Pro + Iie208Pro + Leu209tiir + Thr211Ser + 

Trp212Asn + S€r216<3iu + Iie220Aia 
Gly203GiB + Gly2C)!5Ser * Thr206Giv -r Trp2l2Ala + 

Gly2i5Pro Thr2l7S€r + Ser221Glu 
Gly203Ser + Il«208Cys Leu209Het + Trp2i2Ser + 

Gly2i5Pro ^ Ser216Gia ^ Thr223Fro 
GIy205Ser + Thr206Gly + Trp212Giy + Thr217Gly + 

Arg218Glu + Iie22061y + GIy222Asn 
Giy203S«r + Giy20SPro + Thr20SGiy ^ Gly2I4Gln + 

Ser2i6Asp + Ile220Giy + Thr223Ser 
Pro204Asn + Trp2126in + Iie213Thr + Gly215Ser + 

Ser216Glti + Thr217Asn + lle220A5n 
Giy203Asn + P£o204Gly + Thr206Asn + He208I,eu + 

Thr2llPro + XXe220Leu + Giy222Pro 
Giy203Asn + Giy2G5Asn + Thr2llS«r + Trp212Met + 

Ile2l3Glu + Giy2i4Asn + Thr223Asn 
Fro204Asa + Gly205Pro + Zie2D8Ser + thr2ilGln + 

Ile213Gin ^ Gly21SGln + ArgZlSGiu 
Gly203Gln + Giy205Gin -f Thr206Ser + II«208VaX + 

Trp212Gls + Thr2l7Pro + Iie220Glu 
Pro204Gay + Gly205Pro 4 lle208Hst + thzZllSmz + 

Ile213Gly + Gly215Pro + Ser216GXw 
Gly203GiJi + Giy205Ser + Thr206Ser + Iie208Ma + 

Ile2i3Ma + Ile220Met + Thr223Glw 
Pro204Gly + Thr206Gln + Leu209iy.a + Thr211Gln + 

fhr217Asii + Arg21SGlu + Ile220Pro 
Giy203Gln + Fro204Gly + Gly205Ser + Ser207Asp + 

Leu209Asa + Gly214Ser + 'Giy215Pro 
Gly203Gln + Gly205Gin + I^uSOJ^et + Trp2l2Thr + 

Giy214Gln Iie220J?Lsn + Gly222Glu 


Giy203Ser ^ Tkr206Asp + Ile20SI,6« + fhr2ilPro + 

Gly214Ser + GXy21SSer + Gly222Giii 
Frc204Gln + Tfer20€Gly * Ile208asn + ?rp2i2Gly + 

IIe213Pro + Tlir217Pro + Arg:2X8Asp 
Siy205Asa + Iie208Thr + Tiir2XiSiy + Ile2i3His 

Tiur2a7GXy i- ArgSXSGXu + Thr223Asn 
Gly205Asn + Thr206?ro + lXe208iaa + l.ett20ajlXa + 

trp2i2Leu + GXy215?»ro + Gly222Asj> 
GXy203Pro Thr206Gln ^ Ile208Asn + I<«u20SCys + 

<3iy2i5GXa + €iy222Pro + Th^223Sear 
Pro204GiB + lle208Al^ + 7xp2l2RBn + Il«2X3Ser + 

Glv2X5Ser + Ser219J^sp + iXe220^p 
Giy203Ser + Tiir2ilSer + Xt:p2X2Met + Arg218Asp + 

Sej:219Jisp + Giy222Asn + Thr223Asn 
Giy203Ser -f Giy205Pro * tfhr206Pro + Ile208Leu + 

jyrg218Glu + Ser2196i« + XXe220AXa 
Pro204Giy + Thr21iasii + GXy2X4?ro * S«r216Asp + 

Th£-217Giu ♦ IXe220GXn + GXy222Pro 
Giy203Asn + Giy205Pro + Lau20»VaX + Thr211Pro + 

GXy215Asii + Ser2i6GitJ Thr217A$p 
Pro204Giy + GXy205Gin + Thr211Ser + frp212M«t + 

Giy21SAsp + Ser2l6GXu + Thr2i?Pro 
Pro204Asn + Thr206Giy + lXe208M€t + Lea209Asp + 

Ser2X9GXu + lle220His ♦ •rhr223Pro 
Gly20SGiii + thr206Giu Il«208Tlir + Lfeu2D9Thr + 

Tlit2llGXft + Trp212Cys + S&cZZmsp 
S'ro204Giy + Tiir20€Giyt 4 Leu2O0Ma Trp212l!et + 

IIe220¥ai + S«r22i&«p + GXy222S€r 
GXy20561n + Thr206GXu + Thr2XlAs» + Trp212Ser + 

Thr2X?GXn + Ser221Asp + Thi:223GXn 
Ser20'?GXu + Leu209Thr + IXe2i3GXn * Glyll^Gln ♦ 

Gly215Asn + Ser2i9Gitl + Ii€220Giu 
Thr206Gin + Ser207Giv + JUe«209XX€ * IXe2i3A:a * 

Giy214Ser + IXe220Thr * Ser221Asp 
Fro204Asn + Thr206GXn + ser20?Glu lXe20aMa + 

Leu209Cys + Thr21XGiy + IX6220GXU 
Thr206Pro + Ser207GXu -f thr211GXn + GXy214)?ro + 

GXy21SSer + Thr217Gly Ser2l9GXu 
Pro204Asn + Sei;207GXii * Leti209GXy thr21iAsn + 

Giy2l5As« + Ser219GXu + IIe220VaX 
Pro204GXu + GXy20SSer ^ Leu209Ser + Trp2X2GXy + 

Thr2i7Giti + Arg218Giu + Ser21&Asp 
GXy203GXn + Ser207Asp + Leu209His + GXy214S«r + 

Giy2X5Gill + Ser219Asp + Ser22XAsp 
Pro204GXn + GXy205Asii + Sar207GXu + Lett20»GXii + 

thr2XXGXy + S«r219GXu + Ser22XJ^p 
GXy203Asn + fhr206GXu + IXe208GXn + Leu209GXn + 

TfajraXlPro + Trp2X2XXe * GXy222GXu 
GXy203Seir + ?hr206GXu + Sej:207A5p ThrZllSer + 

Trp212Gly + IXe220Giy + GXy222&sp 
GXy205Fro + Thr20«asp + S«i:207Asp + lXe213Fro + 

Gly214Ser -i- GXy222GXu + tlir223lksn 
Giy203GX» ^ Tfar20S&sp + Leia209Met + ?2p212L6U + 



Pro204Asii + T!ir206Gin + Leu209Ser + Ser216Glu + 

Tfer2l?Asp 4- Arg218Giu Ser2l9sAsp 
Pro204Asn + Thr206Gly + Ser20?Giu + Ile208Thr + 

SiyaiSSin + Xi€22aAsp + {51y222Glu 
Giy203?ro + Gly205Gin + Thr20gSer + Leu209Asp + 

Thr2IlSer + Ile213CYS + Tfer217Asp 
Giy205Gin + Ser207Giu + Thr21iSer + Trp212Ser + 

Ile213Gln + Arg2i8Asp -s- lie220Glu 
01y2Q3Ser ^ Fro204Giy + Thr20SGXu + Ser20?Glu + 

Ile208Ser + L$u209Asp 4- Trp212Aia 
Gly203Ser + Ile20SThr + Leu209Glu + Trp2l2Tyr + 

Thr2l7Glr) + Ser219Asp + Sec221Glu 
<31y203Ser + Gly205Ser + Tfer211Ser * Giy2X5Gln + 

Ttii:217Pro ^ Sbx219G1u + Ser22iAsp 
Giy2C5Gin + Thr206Giy + Leu20SSer + Ile2i3Gly + 

Ser2I9Glu Ser22iAsp f fhr223Gin 
prQ204Gin + Ser207Asp Ile208Ser + Ile2l3Leu + 

Atg2imiu -f Ser219Giu + Ser22iGlu 
GlyS03Asr^ + ?rp212Gln + Giy2i4Pro + Ser216Gl'j - 

Arg2iSGlu * Iie220Leu + thr223Pro 
Pro204?isn + Giy205Glii + Thr20gGly + lle2X3His + 

Giy214Ser + Sei:2i€Asp + Arg218Giu 
Ile208Val + Iie213lfet + Gly2l4Ser + Ser21SAap + 

1!hr2i7Giy + Arg218Asp + Iie220Met 
Pro204Ser + Gly205Asn + Iie208Lei3 + l.e\j209His + 

Ser216Asp Arg218Giu + thr223Pro 
Gly203Gln + Il€208Cys + Thr211pro + Trp212Ser + 

Giy215S«r + S«r216Glu + Arg2l8Giu 
Gly203Pro + Gly205Sei: - Leu209Iie fhrSllAsn + 

Thr217Glti + S«r2l9GIu + Ile220His 
Gly205Ser + Leu20^ys + IhzZllKsn + Giy2I5Gln + 

Thr2i7Giu + Ser2X5Asp -f- Gly222Fro 
Gly203Gln + Iie208Aia + Trp2i2Ile + Giy215Gln + 

Tlir217Giy + S«r219Asp + Gly222Pro 
Gly203Ser + Thr206Gla + Ser207Giu * lle208Pro + 

Iie213Thx + Giy222Giu + Thr223Asp 
Gly203S«r + Ile208Gln + trp2a2ser + Ile213l.eu + 

Arg2l8Asp Ser229Glii + S^rZZlAsp 
Gly203Gln + Gly205to + Trp212Asn + Ile213Glu + 

Ser2l6Giu + Thr217Pro + Arg218Asp 
Thr206Asn + Leu209Asp + Ile213M€t + Ser2X6Glu + 

Thr217Giu + Ser2i9Glu + Iie220Gly 
Gly205GiB + Thr211Pro Trp212Vai 4 GIy214Ser + 

Ser21€Asp * Arg2i8Glu + Ser2l9Glu 
Thr206Asji + Ser207Asp + Thr21lSer + Il«2i3Cys + 

21e220Met + S€r22lAsp + Thr223Asp 
Giy203Asn + Ile213Ser + Tlir217Asp + Ar021SGlu + 

Ser2i9A5p + Ser22iAsp + Thr223Glli 
Tljr206Asi5 + Ser207Giu Leu209Cys ^ Trp212Ser + 

Arg2i8Giu S«r221Asp + Giy222Fro 
Gly203Gin + Ser207Asp + Giy214Pro + Gly2i55>ro + 

Arg218Ajsp +■ Ser221Asp + Gly222Ser 
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Gly203^35 + thr20661ti - I^ii209Giii + Ar0218Glu 

Ser219Asp + Sfer221Giu + Giy222Fro 
01y203Pro -i- Ser20?Gi» ^ 'rrp212Ser + Gly214Pro + 

S8r2i9Giu + 3er22iAsp + Thr223Asp 
G;v2-35GIri Thr2ilGln - Iie213Giti + Ser216Glu + 

argaiSAsp + 3er2I9Asp + Ile220Ma 
GlylOSAsr* + Pr-204Ser - Ser207Glu + <3iy21SGla + 

Thr21?Asp :ie220A$p + S«r22iAsp 
Gly203Gin + GlylOSAsn + 3&r207Asp + Le-u209Ile + 

Tfer2ilGiy + Thr217Asp + Arg218GIu 
Prc204Gly Trp212Met * Giy214Asp ^ Ser216Asp + 

Thx217GlB + Ser219Glu + Thr223GXn 
Ser20'?Asp + frp2l2Tyr + GlyllSAsn -f Ser21€Asp + 

Arg21SGiu + S«r2a9Giu + mr223Pro 
Thr206Gly + Ser20?Asp -f- Ile208Gip + Ser21661u + 

Arq2i8Glu + Ser213Asp + Iie220Gin 
S€r207Giu + Leu209Gin + Thr21lPro + Gly2I5Piro + 

Ser216Asp * Arg2i861u + Ser219Asp 
Giy205Asn * Ser20?Asp + Iie208Vai + Giy214?ro + 

Ser2l6Asp + Arg2i8Glu + Se3:2l9Glu 
Thr206Asp + lis208His + thr21lser + Trp212Jlsn + 

Arg218Asp + Ser219GIu + Gly222Pro 
Iie208Gly + Trp212M«t + lie213Gln + Ser216Glu + 

Arg218Asp + Ser2I9Asp + Ser221Asp 
Gly203AsB + fhr206Giu + Lea209Asp + Thr22?Pro + 

Iie220Ser Gly222Glu + Thr223Asp 
Gly203Asn + 1'hr206Asp ■* Il6208His -r Tl)ir211S«r + 

Trp212Phe Arg218Asp + S8r221Glu 
Pro204Asn + Gly214Asn + Gly215Pro + S«i:216Glu + 

Ttr21lAsp + Arg2i8Asp + Sfer22lAsp 
Pro204GJln + Giy20SPro + Thr211Asn + Gly215Gln + 

Ser219Glu + "'ser221Rsp + Thr223Gl« 
Ser207Asp + Leu209Val + Trp212Cys + Giy2l4Ser + 

AJ:0218Gii:i + Ile220Gia -f- thr223A3p 
Thr206AsR + Ser207Asp + lle208Ma + Gly215Pro + 

Arg2i8Gla + Ser221Gi« + 'rfir223Asp 
Pro204Gln + Giy20aasn Thr206Gin * Lett2<59Cys + 

Thr2l?Asp - mtgZimiu + Ser221Giu 
Gly203iPro + Tlir206S6r + lle2l3His + Ser219(Slu + 

Ile220Cys + Gly222GXa + Tlir223Asp 
Gly205Ser 4- Thr2ilSer + Trp2l2GIn + Gly214Ser + 

Ser21SAsp + lie220Gli3 + fhr223Asp 
Ser207Asp + Le\i209Gin + Ile2i3Giy + Ser2l€GXu + 

S«r2i9Asp ^ Ile220Ser ^ S«r221Glu 
Ser207Asp + Thr2ilPro + Trp212GXn Ile213Pro + 

Ser2X6Asp + Ssr219Asp Ser221Asp 
S*ro204GXy + Gi>/205Pro + Iis20$GXy * l.«u209SXu + 

Ile2X3Thr + Thr2X7Asp + Ser221Giy 
thr206Gi« + Ser207Asp IIe208Cys + Le»ao$fhr + 

Ar3218Asp + Ser2l9Asp + Thr223Asp 
Giy203Pro t IXe208Asn * Thr2XIGXn + Ile2l3Met + 

\br2X7GXn * Arg2I86lti + Ser221Asp 
GXy203Asn + GXy205Asn + Thr206GXn + Tht:21XGly + 
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Trp2X2Gln + Arg218Glu + Ser2£iGiu 
31y203Ser + Iie208Pro + Giy215Pro Arg21$Asp + 

Xie220A5n + Ser221GXu * tfar223AsR 
T-sraoePro + Thr2ilPro + Gly214Ser + Giy215Pro 4 

ArgSlSJfcsp + Ser22iGlu 4- Tbx22^$&x 
Thr206ftsp + Ser207Asp + Trp212Thr + Iie213Cys + 

Ser2i6Giu + Thr217Fro + Ser2lS&sp 
Gly20Sasn + Thr20€Rsp + S6r207Asp + lle213Thr * 

Ser216Glu + Ser219GXu + lle220i:.e« 
Thr206S«r + Ile2X3Ket + GXy214Asp + <3iy2l5Ser + 

Thr2X7Glu + $er219Asp + Ile220GXu 
Pro204A©n Tbr20€Pro Letj209GIu + thr217Gly + 

Arg2X8GXu Ser2X9Asp + Thr223asp 
Pro204Gly + Ser207Gi« + thr21iPro + Giv214Asp + 

Arg2iSftsp + Ser2lSiAsp Tfer223Gin 
GXy205Fxo + Le«209Glu * ThrlllAsn + Gly2l4Asp + 

thr2l7|isp Il«22«met + GXy222Asft 
Pro204Ser + Txp212His + Iie2i3Asn + Gly214GXu + 

Thr217Glu + Ser2l9GXu + Gly222Asn 
Gly203GXa Ser207Giu + Iie208Cys Giy215Pro + 

Ser2X9Giu + Iie220&stt + Thr223Glu 
Ser207Giu + Ile208Gly + Ile213Pro + Arg218Asp ♦ 

Ile220iSet + Giy222ilsp -f- thr223Giu 
thr20&&sp Ser207Giu + IXe208GIy * Thr2IIGlr. + 

Ser2X6Asp + Ser221Giu + Thr223Asn 
GXy20324sis + Ser20?Giu + Trp2X2Ser * IIe213Asp * 

Giy2l5&sn + Ser2i6Glu + Arg218Giu 
Gly203Asn + X^a209Ser + Iie213Vai * Thr2i7pro + 

Ser219Aap + Ile220AXa + 61y222Giu 
Iie208Met + Tbr21iGiy + Trp2i2Leu - Giy214»ro * 

GXy215Pro + Ser2191tep + Giy222Glu 
Ser207Glu + Leu209Ser + Iie213Ser * Gly214Asn * 

Ser2ISAsp + MqZlBGlu * S€r221Asp 
Giy203Ser + Ser207Asp + lXe208As» * Ti»r21IAsn' + 

Gly214Giu + Ser2i:^p Xie22€iAsp 
Ser207Asp + thr21Xlisn + IIe2X3Ala + Gly2X5A»p + 

'rhr217Ser + Ser219Glu Ile220<3X« 
Pro204Ser + Gly205&sn ♦ Thr211JPro ♦ Thr21?Glu + 

SeE221Asp + Gly222Gitl + Thi:223Gl« 
S«r20?Glu * L^isZOmXa. * Giy214Fro + Ser2X€Glu + 

Thr217Sar + Arg218Glu *■ Ile220Leu 
Iie208VaX + Leu209Slu + Trp2X2Ser + GXy2lSGlu + 

Ser2X9Asp + lle220Asp ■*■ GXy222Pro 
Giy203Giii + IXe213Ser + GXy2l5Glu + Ser2l6Asp + 

Ser219l^p + GXy222S«r + Thr223Gln 
Gly205Pro + Leu20SVal + Giy214to + Ser216Glu + 

S«r2X9i^p + Jie220Glu + GXy222Asp 
Fro204iisn + L«Ji209Asp * Il82I^«t + GXy2X4Pro + 

Tfar2X7Giu + Ser22iGXu + Gly222asp 
Gly203S©r + Ser20?Gla + Trp212Pro 4- GXy214Asp 

Ser2iSasp + Thr21?Asp ^ IXe220Met 
thr206GXu + Tlir21XGln + Ii€2X3Pro + Gly2X4Mp + 

Tfer2X7GXy + Ser221Asp + Gly222Asp 


Iie208Cys -J- Leu209Ser * TferSllJisii + Ile213Ala + 

Giy2lSIVsp + Arg218Glu + Ile220Giy 
IleSOSThr teu209His Iie213Ket + Giy214Glu + 

Ser22lGl» Giy222Asp + Thr223Asp 
!rhr206Gln + Gl^2l4QXn + QXy2l5Giu + Thr2I7Gly 

Arg218Giu + Ser21SGl« + Sejr22XftSp 
Pro204Ser + Thr20eSer + Xl«213Cys + Gly21SGlu + 

Ser216Glu + Thr21?Giu + Thr223Asp 
Thr2D6Gln iXe208Het + 'rrp212Gly Gly2l4Asp + 

Ser2i6ftsp + Thr2I7pro + Sej:2iS»^p 
3er207GXu + Iie208Thi: + Thr2aXGln + Trp2X2Gln + 

Giy2X5Asp + Ser2X9Asp + Ser22iAsp 
GXy203Ser + Pro204GX» + Ser207Gla + Xie208Cys + 

Gly214GXu + S6r2XS(&sp + Seir22XGlu 
Ser207Asp + Xi8208Thr + Thr2XXAsn + GXy215GXa + 

Ser2X9Giu + IXe22aHet + Ser22XGXu 
Pro204Ser + Ser207GXu 4 GXy214Ser + GXy2XSAsp + 

Ser21S&sp + IXe220Met + Ser221GXu 
Ser207Asp + Il6208Leu + Trp2X2Ile + Iie2X3iAsp + 

Thr2X7Astt + Arg2l8GXu + Ser22lGXu 
Tfer20«GX« * 'rrp2X2S«r + IXe2l3Cys + fhr2i7GXy + 

Arg218GXu + Ser2X9GX« + Thr223Glu 
Thr20€&sp + S«r207GXu + Xrp2X2Cys + IXe2X3Cy3 + 

GXy2X5Asa + S«Jr2Xfiftsp + Arg2X8GXu 
Thr206GitJ + Sej:20?GXu + GXy2X4GXn + GXy215Fro + 

Ser2X6ftsp + Thr217S6r + Arg2X8Asp 
Pro204Ser + GXy205Ser + trp2X2I»ro + S«r2X6&sp + 

Ser2X9i&sp + IXe220VaX + Thr223Ser 
GXy203Gin + L«u209GXn + Trp212AXa + GXy2X5Rsn + 

Arg2X8GXu + IXe220Glu + Thr223Glu 
GXy203GXn + Levt2Q9Asp + ?lir2XiAsn + GXy2X4GXu + 

llrg2X8GXu + IXe220Leu + GXy222Ser 
GXy203Ser + Pro204GXn + Thr21XPro + GXy2XS&ap + 

Jitrg2XSGXu + tXe220GXu + Thr223&ssn 
Tbr2Q€Asn + lXe20SGXn + Ser2X6GXu + Thr2X7GXy + 

Arg2X8Asp + IXe220SXy + Ser22XJUsp 
Pro204Ser + lXe208His + GXy214Fro + Ser2X€GXu + 

J^g2X8GXu * S«r221Glu ->- 7hr223Ser 
Pro204GXii + Leu209IXe + Trp2X2iaa + Ser2X6&sp + 

'rhr217Ser + Arg2i8fi«p + Ser22XAsp 
GXy203Pro + Pro204Asn + Ser207Asp + IXe208Cys + 

Thr2X7GXy + IXe220Giy + ?hr2236Xu 
E"ro204S«r + Ser207Asp + Leu20SHis + Thr2iXSer * 

GXy2X5&sn + GXy222Ser ♦ Thr223GIu 
lXe208His + Thr2XX?j:o + Trp2X2Leu + Ttu:2X7Ser + 

Arg2X8Asp + Ser221Jl^p + Thr223GXu 
GXy205&sa + Thr20€ftso + S^rlOimp + IXe2X3Thr + 

S©r2X6Asp + Scr21^p + GXy222GXu 
Thr20624sp + Ser20?GXt2 + IXe208I.au + Trp2X2GXy + 

3er2X6GXu + Thr2X7Gin + GXy222A«p 
GXy20SJis» + fhr20€;isn + Ser20?Asp + IXe208GXn + 

Trp2X2Cys + Ser216Glu + Tht2X7GXii 
Ser207GXa + lX«208Asn + Trp2X2*Rir * lXe2l3GXn + 
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Ser216&sp + Thrai7Glu + Thr223Giy 
Ser207Asp + Ile208His + fiir21iAsn + Gly21SAsn + 

Ser21€Asp + Thr2i7Glxi + Thr223Giy 
GlY203Ser + Pro204Ser + lie213Thr + Ser2i6Glu + 

Thi:2X7aiy * S^tZlShsp + Ser221Glu 
GiY203Asn + rie20SSer + Thr21ilisn + Ssr216Asp + 

Ser219GiB + Ser221Asp + Thr223Giy 
Gly203Ser + Thr206Pro + Thr2IiGiy + trp2i2Thr + 

Ser21SGiu + Ser21 9Glu -i- SerZllAsp 
T£p2l2S€r + c31y214Pro ^ Gly2lSAsp + Thx2l7Asp + 

Ser219Siu + Ser221Asp + Thx223Pro 
TJir206Ser + Ser207Asp + Ile208?ro + Leu209Glu + 

Gly215A5p + Iie220Thr + Ser221Giu 
<»iy203Asn + Trp2l2Tyr + Giy2i4Asp + Giy2iSSer + 

jyrg21SGiu + Ile220Pro + Thr223Ser 
Pro204Ser + Iie208Tlir + Tfar21iGiy + Trp2l2His + 

Giy214Asp + Thr21?Pro + Arg218Glu 
Leu2d9GIu + Thr2UPro + Ile213Cys ^ Gly214GIu + 

Arg2i8Asp + IIe220Asn + Ser22lA&p 
Giy205Gin Thr21lAsn 4- Gly214Asp + GIy215Glu + 

ThrZllhsp -i- Ile220Aia + Thr223Gi« 
Gly205Gln + Thr21IGln + lle213Asn + Giy215Asp + 

fibir217GX« + Iie220Giu + Ser221Asp 
Pro204Asn + Ile213Asp + Thr2l?Giu + Arg2i8Slu + 

Iie220Seir + Giy222Pro + Thr223Glu 
Giy205Gin + Ser207Giu * Ilc208Cys + Gly214Asp + 

Ser216Giu + $er219Asp + Thr223Giy 
Gly203Ser + SerlOlGlu ^ Gly215A5n + Ser216Asp + 

Thr2i?Gly + Arg2i86iu + Gly222Gi« 
Thr20€Gin ~ Leu209Met + Giy214Glu * Sly21SAsn + 

Ssr2i9Glu Ser22iAsp + Giy222Glv 
L&uimmt + Thr2llSec Trp2i2Cys * Ser2X6Glu + 

fhr217Pro + Ile220Giti + Ser22lGiu 
Thr206Giy + tiir21lGln + Trp2l2Cys + Sex216Asp + 

IIe220Giu Ser221Asp 4 Thr223GIii 
Giy203Ser + Pro204Asn + Ser20?Glu + Ile2X3Jisp + 

Thr2I7Ser + S©r2l9Gltt + Gly222Asri 
GIy205Pro + Thr20€>Asp + Trp212Leu + Gly2i4Asn + 

Ser21SGi\i + S^xZimsp + Giy222Ser 
Giy203Asn + Pro204Ser + Giy205GiB + Ser207Asp + 

Trp212Pfa^ -i- glySlS&sp f Arg218Glu 
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ftfeiltMoopPeii>te Mutate 

Tyrl04Cys + Iie220Giln 

L^133Ile * Sdr216Glu 

Leu 36iaa + A5nX62Gl« 

Gliil031!tsp + Xle2201*hr 

Tyrl69Ser + Seri90Asp 

vai SSAsp *• Gly205Gln 
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Asp ssaivi 

GiyiOOSer 
GlylOOGltt 
Asnl62Ser 
SeEi?OGi« 
Seirl40Glu 

L8Ul33Fro 

Sfer20?Giu 
SerlOi&sp 
Gly203Ser 
Astt 93GIu 
GiyX02?ro 
Ser219Asp 
Gly 70llSp 
Glyl36Asn 
Argi67Giii 

Leu20&Gln 
Gly 68Asii 
Asp 65G1U 
arg2l8G2u 
S>sp 65Giii 
Gly 6 8 Asp 
Gly §6Rsii 
Asnl68Ser 
Thr 71Giy 
Gly 70Gin 
Tyrl69His 
Thrai7Pro 
Giy 70Pro 
Leu 96Gin 
iftsp 65Gitl 
Asn 9^1u 
Giy205Pro 
asft 99Glu 
Val 95GiR 
Vai 95GXn 
i%^n 6?S«r 
GlylSOGla 
GlyX36&sii 

Leu209Giu 
Giyi02Pro 
Arg 64^p 
Asm. 67Giii 
Asp 65Giu 
GlxilOBAsp 
J^U 96G1U 
Asnl61GXn 
Leu2Q9iAszi 
Gly 68S«r 


+ Ile220Giu 
4- Asnl63Gin 
+ Ser207Asp 
+ lie220Ser 

Il«220I»e« 
+ Thrl06Fro 
+ Leu209Asn 
^ Gly222Asp 
+ Iie213Le\i 
+ fhr206Gly 
+ $er207Glu 
+ Trp212Asjnt 
+ Ssr216Asp 
+ Iie220Met 

Leui33Sar 

Ser2l€Asp 
+ Leu209pro 
+ Leu209Gly 
+ Ser216Glu 

Ser22lGlu 
+ Ilel07cys 
+ Ilfe220Aia 
+ Glyl35Fro 
+ ;Ph€l92Hxs 
+ Leu209Ser 
+ Gly214Pro 

Lsii 96Gly 
+ Ii€220Gly 

* Leu209lie 
+ S8r219Asp 
+ Ile220Asp 
+ Asn 99G1B 
+ Giyl36Ser 
+ Iis213M6t 
+ Ser207Asp 

Leu20IK31a 
+ S«fi:207Asp 

Ser21SAsp 
+ Thi:2l'7Giu 
4- LeuaOSAsp 

* GlylSOAsn 
+ Thr223Asn 
+ Thr2l7jtoa 
4- Trp212Glii 
+ Gly203Asn 
+ thr21X&sn 
+ Tyri37Pro 
+ Leui3311e 
+ IXe2l3Gln 
+ Arg218GXu 
+ Giy2X4Pro 
+ fhraOSAsn 
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asp 65GXU 
Ser20?Asp 
Ser207Jisp 

Arg 64G1U 

GiyiSOSer 

Giy2i5Gi» 
Phe202X.eu 
Ser207jfisp 
Tyrl37Ser 
GiylOOAsn 
Tyri37His 
Serl70Asp 
Thrl06<5Xn 

SeriaSRsp 
Serl90Glii 
Asn 6?Gi« 
7rp212Ser 
Tyrioma 
Asal^lGXa 
Val 95Thr 
GXyieoser 
As»X€3Ser 
Glyl36Glu 
£[erI9XAsp 
Tlir217GIu 
Leu20S$3et 
thx 7XPro 
S«rlOlGlu 
Gly 7C$er 
GXy 

&3nl€3Gln 
Ilel07Ser 
IXe208Tlu: 
Ser2X6%j^ 
Serl40ftsp 
hsp ^SGlu 
Fhe202»et 
Asn €7GlfiL 
61yl36Ser 
GIyl€OPro 
GiyX02Pro 
VaI 95&sn 
Asp 97GXtt 
Ttor206GXu 
Ser2X6Slu 


+ Thr2IXSer 
+ Tbr223GXy 
+ Glv222S«r 
+ Argi6?Siu 
+ IXe220Asn 

Giy2XS3isn 
+ AsnX63Ser 
+ 'Shx2mUXn 
+ Thr223Asp 
+ Sar2XaRsp 
+ Ser2X9GXu 
+ IXe220Cys 
+ Ser219&jsp 
+ Leu209Thr 
+ SerX7QAsp 
+ rX«220thr 
+ Ser207Asp 
+ Leu209Pro 
+ Giyl36&sn 
+ Ph«192tiir 
+ Pro204S«r 
+ Leu20SEAIa 
+ Ser216Gl« 
+ Thr206Asp 
+ GXy222Asn 

l>eul33Ser 
+ AspieSGiu 
-^ X<ett209VaX 
+ lXe220Pro 
+ jPro204S«r 
+ Ile220AsJi 
+ 61y214Asp 
+ SerXSXGXu 
+ Trp2X2Fhe 

Ser2X9GXu 
+ Asn 99Ser 
+ S€rX90Glii 
+ SeriSQAsp 
+ Ser2X9A«p 
•i- IX«220X«u 
* jaaI64Hi8 
+ VaX 95Ser 
+ ljeu209Ser 
+ TyrX69Giy 
+ AsnX62Asp 
+ Ser219asp 
+ Ser207Asp 
+ Ser20?Asp 
+ IXeX07Gl» 
+ IXe220Pro 
+ 1Cisr223Gly 
+ Leul33Cys 
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Glyl34Gin + 
Thr206Gin 
GiylOO^n + 
Gly 66Pro + 
Giy S^hsn 
Serl90Asp + 
Giyl35Pro + 
Leui33Ile + 
Asni63Ser + 
Glyl34Gl)a + 
Asai94<3in ^ 
Asn 99Gln * 
Leu 96Ile 4- 
Argl670iu + 

GinlOSSer -f- 
Asn 67Giu + 
GiylSSPro + 
Ilel07Ala 
Gl y2i4Gln + 
Giyl60ksp + 
Leu 96Ala + 
Asnl68Gin + 
Glnl03GIu + 
Giy2iSAsp + 
Set 201 Asp + 
Ser216Asp + 
Val 95Sar + 
Gly TOAsti + 
X.etj209$er + 
Mal64Pro + 
tyxl37Tfer + 
Thri06Asp + 
ThrlOSGly + 
Asn 9msp + 
AsnieiGiu + 
Glyl60Asp * 
Glyl35Asp + 
TyrX€5Ser + 
Serl40Asp + 
Serl4CAsp + 
Serl70Gl\i + 
Iie213His 
Leu 9€Thr + 
Asp 6SGiu + 
Tyrl04l.e« + 
fhrl06Pro + 
hsn 99Asp 
Thr206Giu + 
Giy 70Pro + 
fhrlOSGiy + 
GlylOOGiu + 
GlyXOSGlft + 


Glyl35AsiD 

Tbr223Asp 

Asnl6SGlu 
Ile2l3Val 
Asnl62Gia 
Glyl34Pro 
Argl67Glu 
Sfer216Giu 
l.eu209Giy 
li&213Met 
GlyloOAsp 
Iie220Ala 
Seri39Asp 
Gly2l4ser 
Tfer 71Gln 
SeriSlGlu 
Iie220Giu 
Ser2l9Giu 

Asp 97G1U 
Lea209Glu 

Gly222Ser 
Thr223Asn 
Ile220Cys 
Thr206Giu 
Ser216&sp 
Ile220Asp 
Ile208Tfer 
Le«209Giii 
Tyrl37Thr 
AspieSGlu 
Ile213Gly 
Ile220Ser 
Iie22{Met 
Asnl63GXn 
Ser2l6Giu 
Leu20 9Asn 
L€u209Glli 
Giy222Pro 
S<sr2ifiAsp 
Giy222Asu 
Asnl68Giii 
Ser213Qiu 
Giyl34Pro 

Il«220¥al 
Leu 96Glti 
S€r21SGlii 
Iiel07Gly 
Tyrl€9Giy 


Arg 64Glu + Pro204Gly 
LeuX33Gin + SexZQlhsp 
GiyiOOGXxi + Le«i33His 
TjbirlP€«A«p + Leii209AIa 
6Xy 68ei» + lXe220(5Xii 
Msn 67Asp + Gly 68Gla 
Lea Iie220Leu 
7hr206Gln 4- Sdr219Asp 
Alal$4GXn + GXyZZZQXn 
Giy 66Giu + Gly 58Pro 
Serl40Asp + Alai66fts» 
Hsxi 67Ser + GiyiOOAsp 
Ser21SJisp + Il«220Thr 
Serl70Giu + Gly2i5Ser 
Thr 7lGiy + Phel92Ile 
GlylOOSer + Ser219iAsp 
Giy2i5Pro + Ser2X9sftsp 
LeuaOSHet + Ser22lA»p 
Jisal62Asp + TyrieSMet 
TyrI454His + Asnl62Giu 
Asn 6?Gln + X*eu S€S«»r 
Leu2D3&sp * Zle22DAla 
Sly 70Ser ^ Ile22CHSln 
Giy 66Ser + Giy 70GIu 
Tyrl69His + Thr206Gly 
AsnlS4Gin + Thr206Siy 
Ilel07Glu + Leu20S(&sn 
Gly S6S«r + Giy222Gl« 
Leul33Ile + SerlSOGla 
SerlOSSsp Ile220His 
Giyl02;^p + A«iil94Gi» 
Leu Bmet 4- Ser21€i&sp 
J^nieiftsp Gly203GXn 
Glyl36Gin JSLsnlSlAsp 
Phe2Q2Ile + Ser2lSijS>sp 
Glnioaausp + IlelOTThr 
GXyiOOGltt + Ser2l6iasp 
PfaelS2Ala + Ser20?Glu 
Glyl36Pro S^£l38&5p 
Asp 98G1U + l,eu209Thr 
Asai94Ser + S«r2l6Gl« 
Vai 9SAsp + Gly222Gla 
Thr2ilPro + IXe22CiM«t 
iUrgi67GXu Tyrl69&ia 
Giy 6€ftsn + Serl383S«p 
Asa fi7GXu + Leu209Pro 
Giy 70Giu + TyrieSPro 
GXyi02Pro + Leu2 OSAsn 
Gly 68S«r + Ser207Asp 
SerlOlGXu + Ile220Ser 
Tyrl37VaX * SerX9iGXu 
'ffer2llGly + airg21SAsp 
SiSniSlGln + Asnl34Gln 


Val 95Ser + Giyl34Asp 

ftsnl63S«r + Thr223GitJ 

Gly 70ASP + Val 95Gly 
Leu20^ec + ser2l6Asp 
Thr206Ser Arg2i8Giu 
Leu20SIle + Tbr217Asp 
Ile2X3Pro + Ser213GXu 
Gly205Ser + Thr206Asp 
Phel92Gln + Thr20€Giu 
Gly 68&SP + L&nlOBS&t 
GiylSOGXn ^ ThrSOSGXy 
Gly214a.sp IXe220Leu 
GXy 70Asn ^ Arq218Asp 
Giv 70Giu - Giyl36AsK 
Leui33Gi;j - GXy203Pro 
GlyX35Gin + Sei:207Glu 
lXfel07Gly + Iie213Glri 
S«rl40Asp * IXe220X,e^t 
SerI9i5^p * Gly2i4Gin 
Leu209S6r + Giy214Rsp 
Asn 6?<31u + Iie220GIn 
Aial66Pro + Ser2X9Asp 
Glyi02Ser + Iie220Val 
Glnl03Ser + Serl40Glu 
Glyl02Asp ^ Ile220Giy 
TyrX04Iie + GIyi34Gia 
SerlOXGXu -t- lle220Cys 
Asnl 62Gln -f- S«r207asp 
V^l 35Fro + S8r207Asp 
Asni68Gln + L6u209&la 
GlylOOGin + Glyl36Asn 
Phftl92Fro + AsRl94Giu 
Asn S9S6r + Thr2XiGiii 
Giy215Pro + ri©220Asp 
Arq e4Glu ^ Leul33li« 
3er207Gi\3 + IXe220Cys 
Asp 97Gi\5 + Thr20eAsn 
ffarlOSasp + Tyri37Ket 
Serl38Glu + Thr223Pro 
Serl38Asp ^ IXe220JUa 
SerXSXAsp + Lett209Asn. 
Leui3311e + Serl70Glu 
Iiel07Cys + Serl39Giu 
AsalClGXn + S8r207&sp 
Tfar206Asn + Ser216GXu 
A^n 67Gin + SeE2Q?Asp 
Leu209Het + Ser219GXu 
GXy €8Ser + Asp 97GX^J 
Giyl36Glti + Gay222Asn 
thirl06Fro -^ Leu209Val 
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Glni03GJLu 
Leu 96GJJE1 
Iiel07Asp 
Tyrl69Asp 
L«ul33Siu 
Asp 97GIu 
Ile213Giy 
Thr206Pro 
Mal64Gin 
Serl70Glu 
GiyieOPro 
JVsn 67Asp 
Tiir206Giy 
Leui33Thr 
ilsiii63Asp 
Vai 9SMet 
Giyi36Ser 

Iiel07His 
Phel92AXa 
Leu209Thr 
Tyrl€9<SltJ 
S«rlOlAss> 
Leu209Ala 
Gly 66Asp 
Vai 95G1U 

Aspl6$Giu 
Gly 6gi^SR 
Ser2l9Glu 
Giy SSGlu 
Vai 95His 
Gly 66Ser 
Serl40Glu 
Glyi60Asn 
Thc206Asp 
6lyl02AS3l 
GlyX3<Pro 

Asiii62Giu 
Leul33Gly 

Giy 70Gin 
Asp 97Gl« 
GlylOOAsp 
S«r216iisp 
Argi6?GIu 
Gly 66GIn 
SerlOlAsp 
Asn 67Gin. 

Ash g7Giii 


+ 11^21 3Aia 
+ S6r219Glu 
+ Mal64Gln 
fhr211Fro 
+ X,eu209VaX 
+ Asnl€lSer 
+ Ser216Asp 
+ Ser207A5p 
+ Leu209Cys 
+ Leu209Ala 
+ Leu209Cys 
+ Asiil€3Gln 
+ S«r216Asp 
+ Ser216Giu 
+ Leu209Tbr 
+ Phe202Ser 
+ Giy222Ser 
+ Ile220Met 
+ Asal63Giu 

* Arg218&sp 
+ Giy2i5GljJ 
+ Ser216Giu 
+ Thr217Ser 
+ Lea209Aia 
+ Ser221Asp 

ThrlOSGln 
+ Ile2l3Cys 
+ Thr211Gin 
f Asnl68Ser 
+ Iie220tiir 
+ IXe220Fro 
+ Ile220«et 

* Giy214Gln 
+ Leu209Asp 

ii^zzm&t 

+ Thr206Glu 
+ Phel92f>ro 
+ Piie202Ssr 
+ Ile220His 

+ Ser219Asp 
+ Thr217Pro 
+ Thr2l'7GiB 
+ Leii209Cys 
+ IIe220Thr 
+ Asal94Ser 
+ Serl70Gi«! 
+ Tyrl37Ma 
4- AsctlSlAsp 

^- Giy 68Giu 



n 


Asn 161 Asp 

+ 

Thr217Pro 

Thr206Asp 

4- 

Leu2P9Het 

Asp 97Gi« 

+ 


asp 97Gi« 


Tyrl04His 



Giyl02Pro 

Tyrl04Ala 


Serl91Giu 

GiyiOOS«r 

* 

Argl6761« 

Ser207Asp 

+ 

Leu209Sej: 

Asnl94Ser 

+ 

Ser207Asp 

Leu 0€yai 


Iie220Cys 



Seri91Asp 

Asni62Giii 


Aspl65Glu 

Gly 66Gin 

+ 

Thr 7iAsn 

Tyrl37Leu 


?hel92Asn 


+ 

Ser207Giu 

ftsp 97Gi« 

+ 

Leui33S€r 

Thr206Gln 

+ 

Ser21€atsp 

I»e« 96Pro 

4- 

Iie213Glu 

Aspl^SGlu 


Giy214Asn 

Seri90GliJ 


Thr217Giy 

TyrlO^Met 


Ile220Glu 

hsp 

-* 

Thr223Ser 

GiyiOOAsn 

4 

S€r270Gl« 

Glyl34Ser 

+ 

Leu209Cys 

Alal64Gly 


Ser207JVsp 

Thr 71ASB 


Ilfe220Asp 

IlelOlCys 


Ser219Asp 

Tbrl06Giy 

+ 

Asnl 62Asp 

AsnI61Gltl 

+ 

Leii209Thr 

Giy214Gin 

■f 

Ser221Asp 


4- 

$er207Gltj 

Asn 67S€r 

+ 

S€r2i6Asp 


+ 

Thr2X7Ser 

Alal66Gi» 

+ 

Sfer2i6Asp 

Leu209Gin 


Ile220Glu 


TABl£33 

MMIi-toqa Triple Ift4a^ VSananls 

IMU SSGiy + Leu209Pro + Ser2i6Giu 
Arg 64Glu * Tyri04Cys + Ile220Glii 
Tyrl69Ser + Ssrl90Asp -J- Ile220Tijr 
GlylOOGlu Asnl62Ser + Asal63Gln 
Glnl03Giu + Leui33Fro + Leu209Asn 
Giy 70Asp + l.e«l33Ser + GiylSSAsn 
eiy 68Asn Leu209GlB 4- S€r2i6GltJ 
Asp 6SGIU + GlylJSPro + Il«t220Ala 
Gly eeASia + Asa €7Gi« + Leu203Ser 
TJir 71Gly + i^u 96Gly + Sly214?ro 
Gly 70Gin + Leu209IXe + Iie220Gly 
Tyrl69Hi» + fhraiTPro + Ser21SAsp 
Asn 6?Ser + ¥ai 95Gln + Thr21?Giu 
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Glyl3 6A5r. 

.* 

Glyl60Gln 


Ijeij209Asp 

Gly: 

.36G1j 


Asr.l63Glr. 



Arg 

6 4 Asp 


Gly203Asn 


Trp.2:2G:n 

Gly 

68Ser 

+ 

LeL!209Asn 


Giy21';?ro 


: 67 Asp 


Pftel92Ile 


Thr;06A3n 

Ser 

;07Asp 


Giy222Ser 




. 60Ser 


Asni63Ser 


Thr/OCGj n 


. "'OArr; 


Tvr 1 3''Ser 


3er2:9Asp 


" Asp 


g1 V looser 




.vSAsp 


Ji v; 3-:.A5n 







+ 



.40Glu 

+ 

Aa:.-I 63Sfc:i 


L«u209Vai 


!04Ser 


Thr2a7Glu 


IIe220Asn 




Iie20SThr 


Ser21 9Asp 




vai 9bSer 


leu2093er 

Asn 

67Gin 


Tyrl69Giy 


Fhe202Met 

Gi.yl365er 

+■ 

Glyl60?rc 


Asn J 62Asp 


?5Asn 

+ 

Ilel07GIn 


3cr 20 7AsD 


.35Asp 

+ 

Thr206Gln 


::e220H;s 

Giv 

c.6Pro 


Giy : 00 Asn 


Iie22 0Val 

Giy: 

.35Pro 

+ 

Asnl eiGiu 


Ile213Vai 

Leul 

33ile 


Giy:34:^^ro 

+ 

Arglo -'G^u 

Giy: 

.3 4 Gin 


AsnlfcjSer 


i--i2it.Gl;i 

Asnl 

,94Gln 


Ser207Glu 


L6<nr:9G:y 

Arg 

64Gl\i 


Asn 99Gln 


Iie2I3Met 


04Ser 


Argl67Giu 


Iie220Ala 

Vai 

95Aia 


GInlOSSer 

X 

Ser 1 39Asp 

lie: 

07Aia 


Giv21^;G:n 

+ 


Gir.l 

03Giu 


GiviieAsn 

+ 

Asni68Gln 


06?ro 


Service: J 


Ile2232vs 

Asn 

6 7 Asp 


Aial64Prc 


Ile203Thr 

Asp 

65G1U 


Asnl o3Gin 


Giy; \2Asr. 

TyrlO^Lsu 




Se:21^'^Gl-„ 

lie- 

07 Pro 


A3r.l94G:j 


":hr200Gly 

Leu i 

,3 3Asn 


Leu2Q9lie 


Ile213Asp 


7 0Pro 


Thrl06Giy 


Ser219Glu 

Asp 

65Giu 


GiylG2Gin 

4. 

7yr:69Giy 

Giyl 

OOGln 


LeulB JGin 


Glyl60Asp 

Alai 

S4Ser 


Ser216Asp 

+, 

ThrZl'^GiV 

Gly 

6SGiu 

+ 

leu2 09A:a 

+■ 


Gly 

66G1U 

+ 

Aial64Gln 

+ 

g: v: 22G1 •■- 

Thr 

7iGly 


Phel92Iie 


Giy21 5Ser 

Asn 

6 7 Gin 

+ 

Leu voSer. 


Leu209Asp 

Ara 

64GIU 

+, 

Gly 7 0Ser 


Ile22CGin 

Giy 


+ 

TvrlfcSHis 


Thr2 0 6Glv 

Serl 

70Giu 


x:^r2C6Giv 

+ 

Giy2I5Ser 

Gly 

66Ser 


Ileia7Glu 


Leu209Asn 

SerlOSAsp 


Asnl94Gln 


Ile220His 

Leu 

96Met 


Asnl €1 Asp 


Gly203Gln 

Giyl 

3gGirj 


Asnl^lAsp 


Phe202Ile 


OOGln 


?nel92A,i£ 


Ser2l6Asp 

ThrS 

llPro 


Ue220Met 


Gly222Gln 

Gly 

68Ser 


Thrl06Gln 


Ser207Asp 


wo 96^8556 
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AsnloIGln 


Thr21XGly 



ThrlOcAsn 


Asnl94GIn 


Leu2 09Gln 

Asp 65Giii 


Tyrl 69Vai 


Ile2 -.OVal 

Gly "OAsp 


Vai SSGly 



Giy205Ser 

+- 

Thr20gAsp 


ile213Pro 



Thr20eGli2 


Leu2 v9v^er 

GlyieOGln 


Thr206Giy 


G :.y2.: ^lAs::.. 

Gly 7 0Asn 

* 

Arg218Asp 


Iie220Leu 

Gly ?OGXu 


Glyl36ASB 


GI y203Px-o 



Ile213Gin 


Ser 21 9 Asp 

Glyl02Ser 

+ 

Aial 66Pro 

+ 

Ile220Val 

TyrlG^Ile 


Glyi34Gin 


lie220Cys 



Asni62Gir. 


Ser207Asp 

^^tyi ooGl ° 


Gly: 3 6Asr. 


Asnl 94Giii 


.J. 

Thr2I IGin 


e220Asp 

V^'.; 


Leui33Ile 





Thr206Asri 





Leu'^^eG^n 








Glv 6 8 S e r 

+ 

Leu2 09Met 


3er2lyGiu 

Tyr I 69Asp 


.Leu209Val 


Thr211Pro 

Thr206Pro 


Iie213Giy 


SerSloAsp 

A].al64Gln 


3er207Asp 


leu209Gys 

Asn 67Asp 


GlyieOPro 


:.e-a209Cy.'; 

A.snl63Gln 

-t- 

Thr206GXy 


S e 1 2 1 5As|;; 

Val 95Met 

4. 

F'lie202Ser 


Leu209Thz 

Giyi3oSer 

+ 

Iie220Met 


Gly222Ser 

Gini03ser 


Asnl 63Giu 


Leu2Q3Met 

Ii,el07Hi5 

* 

PheI92Aia 

+ 

Arq21 SAsp 

Ser lOlAsp 


Leu209Al6 


Thr 2 1 '^Ser 

Gly ooAsn 


A3pi65Glu 



Gly 66Ser 


Leu209Met 



GlyI34Pro 


Serl40Giu 


rhel92Pro 





Leu20SMet 

Gly 7 0Gin 


Asnl 63Asp 


Asnl 94Ser 



L£U209CVS 


Thr217GIr; 

Gly 66Gln 


SeriOlAsp 


Tyri37Als 

Asn o^Gin 


AsTi 1 bSAsp 





Leu209Met 


-t^hr?-: 7 Pro 

Gly lOOSer 


Ser207A5p 


Leu209Ser 



Asn I 9 4 Ser 


Ser 2 01 hsp 

A«ra63Gl^ 


SsrI91Asp 


Ile22uCys 



Thr 71Asn 


Ser216Asp 

Glv 66Asn 


Tyr 137Leu 


Phel92Asn 

Asp 97G1U 


Leul33Ssr 


XIe220Met 

Leu 96Pro 


Thr206Gln 


Ile213Glu 

Aspl 65Glu 


Gly214Asr; 



Asp ;;;;Glu 


Gi yl OQAsn 


Thr223Ser 



Serl70Glu 


Leu209Cys 



Ilel07Cys 


Ser219Asp 

Thrl06Gly 

+ 

Asnl62Asp 


Leu209Thr 

Asn 67 Ser 

+ 

Alal64Gln 


Ser207Glu 

Alal 66Giri 


Leu209Aia 


Ser216Asp 


8t 

Leu 96Gly -t Leui33Ser + Serl90Glu 
S&r20"?Asp - LeiCfS'^h^ *^eC20 "o 
Tyrl3'?Thr - Se:13SG^u ^ Llj„ -"vo 
Thr206Gly - LsuJJ^aso + '^^ 1 .-i> 
Thr206Asp Il€A ova- I*e„2 ^ei 
Leu 95Cys + Seiancia * Ile'^ j_eu 
Ilel07Leu + Giy 16Gla + Iie22"Cii 
Thrl06Asn + Sei*39^Sla + Ai^i-^"-- 
Serl91Giu + Leu209Ser + 
Serl40Giu -s- Giy215Ser + GxV^._ 
Leu 96S6r Alal64GXy + Ile220His 
Asp 97Giu + TyriO^Asn + Tyrl37GXn 
Gly 70Gln Asp 9eGXU + Leul33Thr 
Gly 6SSer + Ihx "'IGlv + PneZ^^Se^ 
SeriOlAsp + Thr2 )6G1 1^6.^33.^ 
Tyrl6SIIe + Sei.'CGlu - T*~_2 
GiyieOSer + 1U2^3^ ax + Ser I3v^.a 
Leu209Gly + Iie2:o^^ * P - 

ThrlOSGin + AlaIiD4G-n ^hel 
Asn 99Giu + Leu2C9Gln ^ _^t„'"uMe^- 
GiylSOGin + Asr!l«*4Glu + C " Gir 
SerlOSAsp + Phe^-^SPio + L^-i. f ?'~lr 
Gly 66G1U + Leu 33'"^ i o ) 
Alal64Thr Leu3 Or^te „ r 

Thr "JlGly + Giy: ^\sc c 
Val 95Pro + Thr Jf^Gis + li< <^ - 
Leu 96Asn + Giy^ J^As- t 
Arg 54G1U ■»■ Glyl'^OAs'^ - :^c223^e*- 
Giy 66Ser + Arg<iluA<5c r Gly?27S<=. 
Asp 65Glu + Asnl6:Gl + Iifc22n'"-r 
Asn 99Asp + Thr206Ser 
Leu 96Ser + Tyr_<=^<*Ha- 
Asp 98GIU + Tyr ^^H - 
?yrl04Leu + Ser2 ''/*s>- 
AsnlolSer + Phel92His 
Leu 96Ser f- Serl70Asp 
Thrl06Gin ^ Asul63Gln 
Giy 70Gln + Asn 99Se- 
Asn 99Ser + Alai64Asp 
Serl39Gau + Thr2C6Asr3 
Leu 96Asn + Thr21^AHn 
GlrU03Ser + Leu209Prc 
Asp 65Giu + Leu 9bCys 
Asn 6?GIn + SerCG''A5p G.^^n^sr 
Giy 68Pro Thr2^1Se- + a.-r 
Tyrl37Glr! -f Ssrl38Glu + li^^.ta^j 
Asp 65Glu * Phe 192^^1 + „ 
Thr 7lGi.n ^ Gly2v3Gln * '^i±2^<.A^v 
Arg 64Asp Asn <»9Se^ + Thrio'-ie-r 
Giyl35Gln + Asnj.68Ser ^ Phel^^-z-S"^ 
LgUi33Ala 4 Leu209Ala SerCl^Gli 
Aial64Thr -i- AsniesSer + Iie213Pro 
Ser207Glu + Gly2 ^Cln Ile22-"As-^ 


* I s220:ei 
^er2 

- Thr206Pro 

+ _.g220-i^ 
Gir-.0"';i:= 


W09fi««S56 
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1 2 ^ ^ f 






Leu 9o?ro 















Lt. „ l-'C '-^ 









-r : 



Giyl'^'^S'=>r 










Ser2I9Giu 







^ " ^ ^ ' L e ^ 






Asni&iAsp 


Asnl 62Giu 



Giyl oOAsp 


Asnlo^Gli' 



Tyrl37Val 











* 



-i=r^l«Asf. 

T r.04Gl- 




T'~.^c,"Acr 

Leu /09Glu 


Thr217Asn 


or ^ cr 

-"v. "i- sp 




- _^ Ser 






Ad z-iC 




T3 '~' A-^. 










1 <!i 1 G ^ 

G ^ V ^As ^ 



+ 

wt- '~^G^u 

Ser2 J ''Asp 


ber2.9Glu 



iiS u oG i r 


£ -r20 'Gil 


Ser2I9Giu 



"er 'Cs^-p 















^ ^1 , rip?^ 


^. ^ 

As-' o'x'^l-' 





Asr-. 6">Giu 


A=^r CGir 



Asr 1 *^2C1 


Ascl t5Glu 


A.- j ' "G-^ 

Le^209^Iet 


Gi j214Asp 


Ser2 j.6GxU 

ijerl38Asp 


i er 1~ lAsp 


ile22"Met 

Serl-iSGIu 

4, 

Asni obwin 


:rer*'^ Glu 

Arq fi4GIi! 


Giy 66A.'=;p 


Thi„l"' ro 

AsDl65Giu 


Asnl68Asp 


Th.^j. Asn 

Le '^tiGl 2 





Thf206Ser 

4. 

S-^t. tiA-f 

J. 




-^r" '-Gil 

+ 

2ra21-Gi« 








Thr2 : ;'ASC 

4 

-er21^'Gi ^ 

Sell*" .^su 


GiniU3Asp 



As-- "^Gi^ 


AsD y/isiu 


L,eu209Aia 




+ 


Sei2'"7Ab>j 




,1 ."2"Aso 

Aia^o 'Asr 




2( ^-r 

A=p ^:CI- 


Gi" ^f^Glu 


^-^^^ ^7C-> 

As" - C ^cssr 





Ara &4G1U 


Asn 6 7 Asp 


Giy2i5Asn 

Tyrl ^ /Asp 






wo 96/28556 


S3 

Seri4 0Asp + Serl70Giu + Gly222Ser 
Tyrl37Glu SerUOAsp * Leu209Gin 
Arg 64Glu + Asp 97Glu + Tyrl04HJ.s 
Val 95G.1U + SerlOSAsp * Thr2nGln 
GiylOOAsn + Asn.X6iGlu + Ser221Asp 
Asp 65Glu + Asn 99Glu + ?rp212Asn 
Asp 65Giii + Asn 99Asp + Thr217Ser 
SerieOGlu + Ser20?Glu + IIe220Giu 
Gly 68G1U + Giyl36Pro + Ser216Glu 
Vai 95Glu + Asp 98Gli! * Glyl02Pro 
Asnl62Asp + AspI65Glu * Serl91Glu 
Vai. 95Cys Ssrl38Asp + Argl67Giu 
Lsu209Asp ^ Ser216Glu ^ Ii€220Ala 
GlylOOGiu + Glni03Asp + Iiel07Glv 
GlylOOAsp + Giyl02Pro t Ginl03Glu 
S.2r216Asp Ser219Giu + Iie220Thr 
Glyl02Pro + Ser216Asp + Ser219Asp 
Tyri04Gln t 56r216Glu + Ser219Glu 
Asn 99Gin + Ser216Glu * Ser2i9Asp 
Thr206Gin + Ser216Asp -r Ser219Asp 
Ser207Asp + S€r216Asp + Thr217Asp 
Giyl34Asp + Asnl62GIu + Phel92Giu 
Glyl02GJlii + Serl05Asp + Leul33Glu 
Ser2X6Asp + Ser2i9Asp + Ser221Asp 
Asnl63Asp + Serl70Glu + Asnl9^Asp 
Tyrl37Giu + Asnl62Giu + Argl67Giu 
SerlOSAsp + Giyl35Asp + Tyrl69Asp 
Vai 95Asp + Asp 98Glu + SerlQSGXu 
Glyl36Asp + Seri^OAsp + Giy2C3GIn 
Ser207Asp Ser216Glu Ile220ASD 
ThrlOSGiy + TyrI37Asp Aspl65Glu 
Asp eSGiu + GlyiOOGlu * Glni03Asp 
SerlOlGlu + Argl 67Glu + AsnioSGlu 
Asn 67Asp + Serl91Asp PheX92Glu 
Asp 98G1U + Asn 59GiLi + Ser216Asp 
Asp 98G1U + Asn 99Asp Ser216Asp 
Arg 64G1U + Asp 65Glu - AsplSSGiti 
GlylD2Giu + Glni03Glu + Ser221Glu 
Leui33Glu Thr206Asp ^ Ser207Glu 
Serl39Asp + Ser216Asp + Thr217Asp 
AsplSSGlu + Gly2l5Asp + Ser216Asp 
Asp 97Glu + Leu209GIu + S6r219GlU 
Serl91Giu + Leu209Glu + Ser219Glu 
ThrlOSAsp + Leu209Asp + Ser2i9Asp 
Asn 99Giu + Il9213Asp + Ser2i6Glu 
S6r207Glu + Leu2a9GIu + Ile213Asp 
Asn 67Giu + Asp 98Glu - Lea209Asp 
SeriOlAsp + Ser207Asp - Ssr221Asp 
Glyl35Asp + Ser207Asp * Ser219Giu 
Asnl62Giu Ser207Asp + Ser219Glu 
Serl39Giu + Ser207Glu + Ser219Glu 
Glyl34Glu + Serl70Glu + Ser216Asp 
Aspl65Glu * Argl67Glu + Ser207Asp 


84 


Asp.l oBGiu 

+ 

Argl 6 7 Asp 

+ 

Ser219Asp 

Asp 65Giu 


Serl38Glu 


Serl40Asp 

Asp ?"Giu 

•I- 

Argl67Glu 


TvrloSAsu 


4- 

Ile213GiU 

* 

Ser2i6Glu 

Thr 71 Pro 

4. 

Serl91Glu 

4 

Ser2Q7Giu 

SeriSiAsp 


SerlOTAsu 

4- 

Gly214Gln 

Giy 65Giu 


Giy 70Giu 

•4 

3er216Glu 

Asni63Asp 


SerI91Asp 

+ 

Iis220Glu 

Asp 5?Giu 

■f- 

3sr207Giu 

r 

Lea209Glu 

TyriC4Asp 


SerSOTGiu 


Leu209GXu 

Serl90Asp 

+ 

Th£206Glu 


Ser2i6Asp 

Asp 97Giu 

+ 

Leui33GIu 


AsnieiSer 

Asnl 68Asp 


Serl70Asp 

4- 

Serl90Asp 

Asp 98Giu 

+ 

Ser221AsE) 

4 

Thr223Giu 

Asn 6 "Asp 


Asp 97Giu 

+ 

Glyl35Glu 

Asn €7 Asp 

■i- 

Asp 97Giu 

4 

Ser219Asp 

SeriOSGlu 


GlylSOAsp 

4- 

Gly222Asp 

Asp 98Giu 


GlyieOAsp 


Asnl63Giu 

Ser:39Glu 


Serl70Giu 

4 

Arq218Asp 

Glnl03Glu 


Ser207Asp 

4- 

Gly222GXu 

Ser207Glu 


Ser2i6Asp 


Giy222Asi5 

Glyl35Glu 


GlyioOGlu 

4- 

Ser216Glu 

TyrlG4Giu 


AsnI63Asp 


Serl90Glu 

3erl90Giu 


A5nl94Asp 


Ssr219Asp 

Tyrl04Met 


Serl90GU3 


Ile22QGiu 

Asn 6 7 Asp 


3er216Asp 


Ser2i9Gi;; 

Leul33Asp 


Asnl62Qlu 


?he2 023er 

AsnI62Glu 


Ssrl91Asp 

4 

Leu2 :~9Glu 

Asp 65Giu 


Leu 96Asp 

- 

Asr.:62Asp 

Arg 64Asp 


Giyl36Gl'J 


Aral £"Asp 

Asn 6 7 Asp 


Giy oSGin 


Ser2:£Giu 

Asn 67G1U 


Ser216Giu 


Iie220Cys 

SerlOlGlu 


Thr206Asp 

- 

Leu209Glu 

Asp ofiGlu 

+ 

Leu209Glu 

4- 

Ssr216Glu 

SerlOlGlu 

+ 

Iiel07Glu 

4- 

Ser219Glu 

Gly 68Asp 

+ 

Serl70Giu 

■f 

Ser216AsD 

GiylSoAsp 

+ 

Serl39Giu 

4- 

Ser216Giu 

Giyl35Asp 

+ 

teu209Ser 

4- 

Thr223Asp 

Leul33Giu 

+ 

Asnl61Glu 

4- 

Gly214Glu 

Arg 64Giu 

+ 

Serl91Giu 

■f 

Ser221Asp 

Asn 67Glu 

+ 

Giy214Asp 

4- 

Ser219Glu 

ThrlD6Glu 

+ 

Ser219Glu 

4- 

Gly222Glu 

Asp 98Giu 

+ 

Ile220Asp 

4- 

Thr223Glu 

Argl67Asp 


Giy215Glu 

4- 

Arg218Asp 

Tyrl04Asp 
Iiei07Gly 

+ 

Serl39Glu 

4- 

Ser219Asp 


Asnl6lAsp 

4- 

Iie220Asp 

GlylSOGiu 


Ser2I6Asp 


Ser219Asp 

Aspl65Giu 


Ser2I6Glu 


Ser2:9Asp 

Asp 98Gitl 

4- 

Ser207Asp 


Thr223AsD 

Serl39Asp 

4- 

Asnl68Glu 


Ser207Giu 

SerlOSAsp 

+ 

Serl38Glu 

4- 

Iie220Giu 

SsrlOSGiu 


SeEl3SAsp 

4- 

Ser219Asp 

SerlOSAsp 

+ 

Serl38Asp 

4- 

Gly222Asp 


wo 96^28556 
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85 


Ils2i3?ro 


Ser2I6Glu 


Xie220Glu 

SeriCiGIu 


Gly214Glu 


Arg218Giu 

Giyl36Glu 


AspieSGlu 


Serl90Asp 

Asp 5SGiu 


Leu209Cys 


Ser216Asp 

3sr].38Asp 


A£j:161Giu 


Thr206Glu 

Glyl36Asp 

+ 

Setl40Asp 


5er219Glu 

Gly 68Glu 

+ 

Glyl34Glu 


Ser219Asp 

Gly 68Asp 


Asnl94Glu 


Ser219Asp 

Gly 68Giu 


AsnieiGlu 

■t 

Ser219Asp 

Gly 68Asp 


Iiei07Asp 


Ser2i9Gl.u 

Gly 68Glu 


Serl39Asp 


Ser219Asp 

Asp 98G.IU 


Glyl35Asp 
Serl39Glu 


Serl39Giu 

Glyl35Giu 



Leu205Glu 

Alal64Giu 


Serl90Asp 


Ser219Glu 

Ginl03Asp 


Tyrl37Asp 


GiyloQSer 

Gly "OGlu 


Giyi02Asp 


Tyrl63Pro 

Gly 70Glu 


Ser219Giu 


Gly222Asn 

Giy 70G1U 


Leu20SMet 

+ 

Ser221Asp 

IIe215Ser 


Ser219Asp 


Thr22 3Asp 

Giyl35Asp 


Serl40Glu 

+ 

Gly215Asp 

Glyl02Glu 


Serl70GXu 

+ 

Thr2Q6Asn 



Giyl 3 DAsp 



Gly 70GXU 

+ 

Aspl65Glu 

+ 

IIe220Ai3p 

Ph6l92Asp 


Ser207Asp 


ri6213GIu 

Aiai64Glu 


ArgSlSAsp 


Thr223Asp 

Giyi35Asp 


Serl90Glu 

+ 

Ile220Giu 

Asn 99Glu 


Leul33Asp 


Aspl65Glu 

Aspl65Giu 

* 

Sejr219GIu 


Thr223Asp 

Asn 67G1U 


Asm 62Asp 


Ser216Glu 


TABLE 34 

Mulli-ioop Quadruple Mutation Va riants 




Leul33Ile 


Ser2I6Giu 



Giyi02Asn 




Al si 6^ Giy 


Arg2i8Asp 

Asn 67G1U 


Thr206Gin 


Leu.C09Met 


Ile220Met 

GlnlOSGlu 


ThrlOePro 


Leai33Pro 


Leu209A,sn 

Val 95His 


GlylSoASPi 


GlyXeOGin 


Giy222 jiu 

Arg 6 4 Asp 

4- 

Giyi02Pro 


Giv203Asn 


Trp212Gln 

Vai 95Thr 


Leul33Ser 


AsnieiGln 


Gly222Asn 

Gly 66Gln 


Gly 70Ser 

•r 

Asn 99Ser 


Ser219Giu 

Asp 65Giu 


Gly 68Asn 


Tyrl69Vai 


ne220Vai 

Phei92Glr: 


Gly205Ser 


Thi-206Glui 


Leu20 9Ser 

Leul33Val 




Leu2G9Val 


II e2 20 Ala 

Leu 96Thr 


Leu209Iie 


Ile220Val 


Thr223Ser 

GiylOOGlu 


Glyi02As:' 


Giyl34Ser 


ne208Pro 

GlylGOSer 


Asni94Gln 


S8r2C"'Giu 


Iie220Thr 

Asn 67Gin 


Alal64Gir. 


Tyrl69ASF 


Ile220Thr 

GlyieOSer 


Serl91Glu 


11 e2203er 


Gly222Ser 

Thr206Pro 

■+■ 

Ser207Asp 


Leu209Cys 


Ile213Gly 

Val 95Mat 


Glyl36Ser 

4- 

Phe202Ser 


Glv222Ser 

GlnlCOSer 

-!- 

Asnl63Glu 


Leu209Met 

+ 

Iie220Ket 


PCTAJS96/63005 


r:.si07His 


Phel92Ala 

Gly 65Asn 

+ 

Aspl65Glu 

GlylQOAsn 


3erl40Glu 

G:v "OGXn 


Asnl63Asp 

AsrilciSer 


Phel92His 

vai 95Cys 


Leu 96ser 

Gly 68Gin 


SerlOlAsD 

GlylOOPro 

+ 

Giyl02Gin 

GlylOOAsn 


Ginl03Ser 

ThrlOSGlri 

* 

IleX07Asn 

Tyrl37Gin 


Serl38Asp 

Leul33Ala 


Asnl62Asp 

Glvl02Ser 


Glyl34Gln 

GlvlOOGin 

+ 

GIyi34Pro 

Tyrl37Met 


Asnl94Gln 

Aial54Asn 

+ 

Set 190Asp 

Gly 68Pro 

+ 

Asp 98Glu 

1.1 6 1 07 Pro 

* 

Giyl36Prc 

Arg €4 Asp 

* 

Tyri69Giy 

Val 95?hr 


Tyrl04Cys 

IieI07His 


Glyl35Glu 

Iiel07Giv 


Serl9iGiu 

Gly 68Gln 


Val 95Ala 

Gly 66Asn 


Asp 97GIU 

Tyrl37^^et 

•5- 

Leu2093er 

Vai 95Asn 


Leu209Val 

Gl yl35Asr: 

+ 

Serl40Giu 

Gly 70Ser 

+ 

Glyl35Asp 

Gly 66Ser 


SerHOAsp 

Val 95Asr; 


Leu 96Ile 

Leu 96Ket 

* 

Gly203Asn 

?vri04Cvs 


Tyrl69Ser 

Gly 70Gln 

4- 

SerI38Asp 

Asnl63Gln 


Gly214Pro 

Gly 68Asn 


Serl3SAsp 

AsnieiGin 

+ 

?hei92His 

GlniOaSsr 

+ 

Phsl92Asn 

Alal64Gly 

+ 

Asnl68Gln 

ThrlOSGly 

+ 

Serl39Asp 

Leu209His 

+ 

Iie2I3Ser 

Gly 66Asn 

■f 

Asn 99Ser 

Tvri37G.lu 


Thr206Pro 

Glyl35Glu 

+ 

Tyrl S9Cys 

Thr206Pro 

+ 

Leu20SSer 

Gly 66Asn 

4- 

Gly 68Asn 

Ssrl70Glvi 

+ 

Thr206Gly 

Tyrl04Thr 


Asnl63Ser 

Thrl06Giu 

+ 

TyrI37Gln 

Leu 96Thr 


Ser20?Asp 

Asn 99Ser 


Phel92Pro 

Glyl36Ser 


Tyrl37Asp 

Gly 66Ser 


Gly203Asn 

Aial64Thr 


Thr206Asn 


+ Gly215sG.lr. Arn^'IBAsp 
+ Asr.loSSer + Ii«22GThr 
*■ Leu209M6t; + Gly2I4Gln 
^ Asnl94Ser ^ Thr2I7Pro 
+ Thr206Pro -J- Ser2X9Asp 
+ Serl3i3Asp Leu209Iie 
+• ThrlOePro Ile220Met 
+ Leu209Cys ^ GlySlSAsp 
+ Ser207Asp L€u209Val 
+ Phel92Val - Thr223GIy 
+ Leu209Val * TrD212Asn 
+ Tyrl69Val + Leu209lle 
+ Giyl36Asn ^ Ser207Giu 
+ GiyioOAsn + 3er219Giu 
^ Ser207Asp + Giy215Pra 
Phe202Ser + Iie213Asn 
Alal66His + Asniesser 
■r Ser207Giu + Giy222Gin 

- Phel92Pro + Giy205Ser 

* Glyl34Asp * Il€20SAsn 
Phel92GIy * Thr217?ro 

- Leu209Met Thr223Gin 
Ser207Giu Leu209Asn 

+ AsnieiSer + GIy214Asn 
Ser216Asp IIe220Pro 
-i- Ser2I9Asp + Thr22 3Pro 

* Aial64Thr + Ii6220Leu 
+ Thr2I7GIn + IIe220Thr 
-^ Leu209Pro + Xie2I3Leu 
■f Thr2i7Pro + Iie220GlY 

- Ser219Giu * Iie220Gly 

* Lsu209Thr - Ser215Glu 
+ Thr206Asn - Ile220Glr= 
+ Ile220Asn + Thr22 3Giu 
+ AsniesSer + Ile220Met 
+ thr217Asp + Ile220AXa 
+ Arg21SGlu + Ile220Thr 
+ Ser207Asp + lle208Met 
+ Phel92Thr + Giy215Asn 
4 Gly214Asn + Ser219Glu 
+ SerlOlGlu * Asnl94Gin 
^ Trp212Thr -^ IIe220His 
+ ?hr206Gln ■4- lIe220Ser 
^ Ser216Giu ^ Ile220Val 

* SerlOSAsp Leu209Pro 
+ Leu209Gln + Ile220Cys 
+ Leu209His + Gly222Asn 
+ Asnl62Ser -s- Leu2a9Aia 
+ Gly214Ser + Ile220Giy 
+ Trp212Val -^ Ser216Asp 
■f Leu209Val + Ile220Glv 
^ Ser219Glu - Ile220Met 

Thr217Ser + Ser219Glu 


8~ 

Thrl06Asn -r AsnlSlGlu -i- Tyrl69Ser 
Glyl3^Gln + rhr206Asn + Ser207Glu 
Glnl03Asn + thrl06Gln + IIe220Gin 
Asn 67Gin + Ilel07Aia Asnl62S6r 
Thrioeser + AsnigSSer + Ii6220Asn 
Aiai64Ser + Ser207Asp + Ile220Thr 
AsiU63Gln Argi67Asp Ile208Thr 
Asnl68Glu -+ Leu209Asn + Ile213AIa 
Giyl35Pro + Alai64His * Asnl68Ser 
Alal64Asp + Leu209Gly * Giy2I5PrG 
Glyi36Pro + Leu209Ser + Ile220Pro 
GIyl36Asn + Alal64Asn + Leu209His 
Leu 96Val + 61yl36Asn + Tyrl69Pro 
GiylOOPro TyrlO^Leu +■ LeuSvOgAIa 
Giyl35GIn * Serl91Glu * Xie220Al5 
A-:-.lc33fer - Asra94Ser * Ser207Giu + Leu209Ser 
Giy c5Glu * Leu 961 le ^ TyriC4Thr IXe213AIa 
Gin^03Asn r- Seri3SGIu - GlyloOSer Phe202Cys 
Gly cSPrc - ThriO&Ser + Asni94Asr3 t Thr21ISer 
GlyiOOGln + Tyrl69?hr Thr211Pro Thr217ssr 
Gly 66Asn + Val 95Cys ^ Serl39ASD * Asnl94Gln 
G.lyi35Pro + Asnl6lGlu + Asnl62Ser ^ Leu209Aia 
Giy 66Ser + Thr 7lSer + Vai 95Thr - Iiel07Asn 
A^ni68Gln + Leu209Pro + Ser2I9Giu * Ile220Glr, 
Giy 66Pro + Tyrl37Asn + Tyrl69Ile * Thr223ASD 
SerlOlGiu ^- Xlel07prc + Leui33Cys * Leu209Prc 
Asn 67Asp + Giy SaSer ^ AsnieiSer * Thr22i-Ser 
Asn 99Gln Glyl02Asn - ZIqIOIHbz - rrc2::Giv 
Tyr:37Aia ^ Asnl94Gln * Iie2:3Asc - :4Asr, 
Leu 96Aia ■^ Lsu209Met - G:y222Asr. - Tr.r2:3Gln 
Leu 96Val Asnl62Ser Asnlc331r, - c^rl'^OGlu 
Asn 67Ser - Leul33Gln * Leu209Gin ^ Ser221AsD 
Vai 95Gln - Alai64Thr + Ser207Giu ^ Leu2G9His 
GiylOOGlrs + Asnl68Gin + 3er219Asp ^ Iie22CAsp 
Asp 97Giu + Asp 98G1U + Iie213Ala + Thr217Giy 
Glnl03Asn Giyl35Ser + Gly215GIu + Ser2X6Glu 
Asnl94Ser * Leu209Giy + Gly215Glu + Ser216Glu 
Gly 70Gln + Tyrl04Cys Leu209Glu + Ser219GIu 
Iiel07VaX * Thr206Asp Ser207Glu + Ser221Glu 
Leul33Giy + Ser207Glu + Leu20SMet + Ser221Glu 
Val 95Thr + Tyrl37Kis + Ser207Glu + Ser219Giu 
Giy 68Gln + Asnl62Ser + Ser207Asp + Ser219Glu 
Tyrl37Ala + Ser2076iu Ile213Pro + Ser219A5D 
GlylOOAsn + Tyil37Ser + S8r207Asp + Ser219Asp 
Tyrl37Giy + Ser207Glu + Gly213Asn + Ser2l9Glu 
Asp 65Glu Asn 67Asp + Phe202Ser + Thr206Gly 
GiyiecSer + Asnl61Giu + Asnl94Giu -f- Thr2l7Asn 
Asn 67Gin + Ser207Asp + Ser219Asp + Ser221Giu 
Glyi02Asn + Glyl34Gln + Serl38Giu + Serl70Asp 
Asp 6SG1U * Giy 66Asp + GlylSSPro + Phel92His 
Phel92Asn -^ Thr-206Glu * Ser207Glu + Ser219Glu 
GiylSOPro Thr2C6Asp Ser207Giu + Ser219Asp 
Leu 96Asn + Thr206Glu + Ser207Asp + Giy222GlU 



wo 96/28556 


PCr/«S5»/83«6S 


Asp 65Gi'd 

4- 

Asp 93Giu 


?heig2Leu 


Iie2X3Gin 

Giy 65Gln 

+ 

Asnl 62Ser 

+ 

Ssr207Giu 

+ 

Leu209Asp 

Giy 65Ser 

-r 

Giyl36Gin 


Serl90Asp 


Thr206Asp 

Asn 67GXn 


Iiel07His 

+ 

AspI65Giu 

■(■■ 

Asnl68Asp 

?he2Q2Thr 

+ 

Ser207Asp 

+■ 

Iie220Glu 

+ 

Giy222Giu 

hsn 61 Sex 

+ 

Vai 9SGln 

+ 

Leu209Asp 

+ 

Thr2l7GIu 

Asnl 63Asp 

+ 

Serl91Asp 

+ 

Asnl94Glu 


Tle220Met 

3er207Giu 


Lail209GIu 

+ 

Ile21 3Met 

+ 

Ser221Asp 

Asn BlGlu 

+ 

Leu 96Asp 


Asp 97Glu 


Leu209AIa 

Thr206Asp 

+ 

Leu209Asp 


Ser219Asp 

■f 

Iie220Prc 

Ser2i6GIu 


Thr21?Glu 


Ser2i9Glu 

+ 

Gly222Gln 

Seri39Giu 


SerX70Giu 


Phei92His 


Leu209Gin 

Giyl02Asn 


Prc204Ser 

+ 

Ser207Asp 


GIy222Giu 

Thri06GIn 

+ 

Ser207Asp 


Leu209Ser 


Giy222Asp 

GiylOOSer 

+ 

Ser2G?Asp 


Iie220Asn 

+ 

Gly222Asp 

ThrlOSAsn 


SeriSGGiu 


Ser207AsD 

+ 

Ser221Glu 

Leu209Met 

+ 

Giy214Asp 


Thr21?GiIj 


Iie220Asn 

Alal64Gin 


Ser207Asp 


Arg2lSAsp 

+ 

Ile220Vai 

Tyri€9Giy 

+ 

Leu209Asp 


Ser216Giu 

+ 

Ser2i9Glu 

Argl67Glu 

+ 

Asnl94Asp 


Leu209Ser 


Ile220Pro 

GIyl02Pro 

+ 

Xie2l3Asp 

+ 

Arg2i8Asp 


Ser219Glu 

Asp 98Giu 


Giyl02Asp 

+ 

AsnieiGln 

+ 

Leu209Ser 

U6l07Giy 

+ 

Giyl34Asp 

+ 

Serl38Asp 

+ 

TyrI69Ser 

Giy 68Glu 

+ 

Giyl34?ro 


Phel92Pro 


Ser216Glu 

Asp 65Glu 

+ 

Gly214Glu 


Iie220Thr 


GXy222Pro 

Serl90Asp 


Ser207Asp 

+ 

Ile208Met 

* 

IXe220Val 

Giyl34Asn 


Phe202His 

+ 

Arg218Asp 

* 

Ser221Asp 

Leu 9SAla 

+ 

Ile213GXu 


Ser216Gl« 


Ser2X9Asp 

GlyieOGln 

+ 

S€r207Asp 


Ara218Glu 


Giy222Asp 

Giv 70Giu 

+ 

IielG7His 

+ 

Leul33Glu 


Phel92Thr 

Giyl36Asp 


Serl70Asp 

+ 

Asm 9 4 Asp 


Giy2223er 

Tyrl04Glu 

+ 

Leul33Asp 

4- 

Iie213Ser 


Gly215Gln 

GlylOGGln 

+ 

Ser2G7Glu 

+• 

Ser216Asp 


Ser219Giu 

GlylOOAsn 

+ 

TvrI37Aia 


Leu209Asp 

* 

Ser216GXu 

AsRl62S6r 

+ 

Ser216Glu 

+ 

Ser219Asp 

* 

Iie220Asn 

Val 95Ser 

+ 

Leu 96Pro 


Ser216Asp 


Ser219Asp 

GlyI02Pro 

+ 

Ser216Asp 

+ 

Ser2i9Asp 

■r 

Ile220Met 

Glyl3SGlu 


Givl36Gln 


Argl67Asp 


Asnl94Glu 

Asn 99Gln 

+ 

Ser207Glu 


Ser2X6As!D 


Thr217Asp 

Asp 65Glu 


SerlOlGlu 


Glyl02Glu 

* 

LeuX33Thr 

Asnl63Gln 

+ 

5er215Glu 

+ 

Ser219Asp 


Ser221Asp 

Giy 66Gin 

+ 

Asnl63Asp 


Serl70Glu 

+ 

Asnl 94 Asp 

Giv 66Pro 


Qlyl34Asp 

+ 

Asnl61Glu 


Serl91Asp 

Ieul33Thr 

+ 

Asnl6iAsp 


Ser219Asp 


IXe220Asp 

SerlOBAsp 

+ 

Giyl35Asp 


Glyl36Ser 


Tyrl69Asp 

Asn 67Gin 

+ 

Asnl63Giu 


Asnl94Glu 


Ser221Asp 

Ser207GIu 


Iie213Pro 

+ 

Ser2i€Giu 

+ 

Ile220Giu 

Giy 68Asp 


Leu 96G1U 

+ 

Thr206GXy 


Giy214Giu 

Asn 99Giu 

+ 

SerlOlGiu 


Giyl36Glu 


Asnl63Gln 

SerlSSGlu 

+ 

Serl39Asp 


Asnl63Asp 

+ 

Ile220Met: 

SeriOlGlu 


Trp212Phe 

+ 

Ser219Glu 


Ile220Glu 

Aial64Glu 


Asnl68Gln 

+ 

S6r2i9GXu 

+ 

ne220Asp 

SerlOlGiu 


Giyl6CGin 

■S- 

Argl67GXu 


Asnl68Glu 


wo 96/28556 


ArgI67Glu 


AsnloSGl'j 

Argl67Glu 


Asni63Asp 

Leu 96Thr 


Argi67Asp 

ThriOSAsp 


Lgu209Asn 

Asp 65Giu 


Tyrl37His 

Asn 67Asp 

•i- 

Ssrl91Asp 

Arg 64Asp 

+ 

Giy 68Ser 

Serl39GIu 


Serl40Giu 

Leu 96Met 


Asp 98Glu 

Arg 6^ Asp 

* 

Asp 656iu 
Serl38Giu 

Tyrl37Glu 


Glyl36Asp 


Thr206Asp 

SerlOlAsp 


Aial64Ser 

GXy 66Gin 


XyrlO-SAsc 
Thr21?Gln 

SerI38Asp 


Arg 6 4 Asp 

+ 

Leu209Gin 

SerlOSGiu 


Leu209Asp 

SerlOlAsp 


Leu209Asp 

Asnl63Asp 


Phel92Leu 

Asnl63Asp 

- 

Asni94GIu 

Alal64Asp 


Asnl94Giu 

Aial64Glu 

+ 

Asnl 9-3610 

GlyiOOAsp 

+ 

AIal64Glu 

Leu 96Pro 

r 

Ser207Glu 

Val 95Asp 


Phei32Tyr 

Alal64Asp 


Ser207Asp 

Asp 65G1U 


Leu209Gin 

Iiel07Cys 


Serl39Asp 

Tyri37Glu 


Ser207Asp 

Vai 95Gln 

-t- 

TyrI04Asp 

Asni63Glu 


Ser207Glu 

Asnl68Gili 


Ser207Giu 

Giyl35Asp 


Giy203Ser 

Leu 96Thr 


Seri39GIu 

GlyXOOGiu 


Ser207Asp 

GinlOSGlu 

■J- 

Tyri04Pro 

Ginl03Glu 


SerlOSGlu 

Glnl03Glu 

+ 

SerlOSAsp 

Glyl60Asn 


Ser207Asp 

Asp 97G1U 


SerlOlAsp 

Thrl06Asp 

+ 

Tyrl37M6t 

Giyl36GIn 


Serl38Asp 

Giy 70Asp 


Leul33Ser 

Asnl63Glu 


Tyrl69Cys 

Arg 64G1U 


Gly 66Asp 

SerXOBAsp 


Glyl36Asn 

Tyrl37Leu 

r 

Serl91Glu 

SerlSlAsp 

+ 

Ser20?Asp 

Asn 99Ser 

+ 

SerlSlGlu 

Gly 66Asp 


Asn 99Asp 

Asp 97GXU 


Phe202Thr 

Glv 70Gin 


Asn 99Asp 

ThrlOoGiu 


Ser207Glu 


89 

AsKl94Ser * Ser20':Aop 
- Asni94Ser + Iie220GIu 

AsnI68Giu + 5er2.i6Glu 

Ser221Asp GIy222Asp 
+ AsraeiGln + Asr!l62Asp 
+ Phel92Glu + Pro204Ser 
+ G.l.y222Asp + Thr2 2jGlu 
+ Arg21SAsp Thr22:;?ro 
+ Asn 99Asp 3er2.i.9AEp 
T GinlOSAsp + Leu209Iie 

Ser216Asp Thr21''Asn 
+ Ser207Glu + IXe22QMet 
+ Thr208Asp ^ Ser2 07GlLi 
-f SerlOSAsp Ser2i5Asp 
+ Arg218Glu + Ser219Asp 
+ S6r215GlLi +■ Thr2i7Giu 
+ Ser219Glu * Thr223Gln 
+ Ser2i9Giu - Ile220Ser 
^ Asnl94Glu ^ 3er207Aso 
+ Ser207Glu + Trp2l2His 

Ser2 07Asp + Iie22CLeu 
+ 5er207Giu + Iie220S9r 

Asnl94A$p * Thr2C6Ser 
^ 5er216Giu -r S€r221Asp 
+ S6r207Asp - 3er22IAsp 
+ Giy215Gln - Ser221Asp 
•f Ser216Asp ArgSlSi^.sp 
+ Ser207Glu -r Ser219Asp 
■f Ser219Gii2 t Iie220Ser 
+ Ser207Asp + 3er2.19Asp 
- Ser219Glu Giy222Ser 

Ser2G7A3p Sei-21SAsp 
+ 5er2i9Glu - Iie22CCvs 

GiyI36Glu + Iie22 0Asn 
+ Ser219Asp + Ile220Cys 

Tyrl37Thr + Thr2G6Glu 
+ Gly214Glu + Ser216Asp 
+ Ser207Asp + lle22QThr 
+ Leu209GXu ArgSlSGiu 
+ Serl7QGi-u + Ser2i6Glu 
+ Serl38Asp + Ser:"?OAsp 

Ser213Asp -j- Giy222Asp 
+ AsT5l6BGln + Arg218Asp 
•+ Serl39A5p * Phel92Thr 
+ Ser207G.lu + Gly222Ser 
+ Leu209His + Ile220Thr 
+ Ser2C7Asp + Ile220Asri 
+ ThrlGoGln + Ser2i6Asi; 
+ Arg2i8Gia + Il£220AsD 
+ Ser207Giu + LeL;209G.i.u 

Leu209Asp + Gly214Glr. 


PC17US9MI3O05 


AsD 65Giu 


7vri37Pra 

90 

AscX 65Giu 


Asnl 6BAso 

Asn 9 96 In 

J. 

Asp165G1u 

+ 






Ask 1 61 GXu 


Ile220Aia 



Giv 66Asp 

4- 

Lau 96Glv 

+ 

Leu2Q9GXii 


X Xc2 20Asij 



Leu209Aia 


Ser2 1 9Giu 



Asn 67GiU 


Aial64Gi.n 

+ 

Ser2 1 9GXu 


oer ^^iAsp 

GiylOQGlu 


Giyl36Asn 


Ser216Asp 


Ara ' f?G v; 

XleiOTAsp 


Thr206Ser 


Ser2 1 6AsD 


Ax"q2 1 8Giu 

Aiai64Gly 


Asnl94Asp 


Thx"217As» 

*. 

Ser2i ?'.r^-^ 

hsp 93Glu 


Asnl 6 3 Asp 


Aspi eSGlu 



Serl39Giu 


Gly215Giu 
SerlDSGili 


Thr217ASD 

+ 


SerlOlGlu 



Phel92Vai 

+' 

Leu209H:L X! 

Tyri04Asn 


Leu209GXu 


Ser 2 1 6Asp 


Gly222Asn 

Gly lOGiu 


Tyrl04Ala 


Thr206Asp 

4- 

Ser2i9GIu 

Leu 95Giu 


Asn 99Asp 


AlaI64GXn 


Gly21 4G15J 

Seri39Asp 


AsnieiGiu 

+ 

AlaI64Glu 


IXe220Gly 

Asn 67Ser 


Gly 70Asp 


Leu 96Glu 


Ser221Glu 

As 11 6 7 Asp 


Asp 97Giu 


AsPs 1 63Ssjr 


Ser 221Giu 

Serl70Giu 


Ser207Asp 


IXe220Ser 


Gl V222AS1C 

Leu 96Glv 


Asnl 6 3 Asp 


Thr2 0 8Asr» 


Ser2 1 9Giu 

Asn 6 7 Asp 


SGrl90A5P 


Gi v2 15Ser 


GXy222Asp 

Tyr 1 37Cys 

■i- 

Air^l 67Asp 


Serl70Aso 


3er219AsT5 

Glyl35Glu 

-f- 

Serl 33Asp 

+ 

Gly2i4Glu 

+ 

Gl y222Ser 

Asp 65G1u 


Asp 97GIu 


Asnl 94Giu 


Gl v205Asn 

Glyl02Ser 


SerXOSAsp 


Leul 33Giu 

+ 

Tr:r223Asp 

Gly 70Asp 


AsD 9SGiu 


Leu2Q9Met 


Ssr2 1 6AsD 

Serl38Glu 


Aial64Ser 


Thr206Glu 



Gly 68Pro 


Asp 97Giu 


Thr206Asp 


Ser2 1 9A£p 

SerlOSGlu 


Ser 140g1u 


Ara2i8Giu 


Thr22 3Gln 

Asn 99AsD 


Glyl02Giu 


I Is213Vai 


Ser2 I 9Glu 

Asn 99Asc 


Glyl02Asp 


Glyl363er 


Ssrl3SAstJ 

Glv 70Giu 


Val 95Giu 


GlvlOOAsn 


Gly222Glu 

Asn 67Giu 


Ser215Glu 


Ser219Asp 


Ile220Cvs 

Asn 67AsD 


Aial64Fro 


Ser2i6Glu 


Ser219Asp 

Asn 99Asp 


Asnl6lGiu 


Ser 1 90ASJ5 


GXy215Asn 

Val 95Asp 


Asnl 61 Gin 


Serl90Glu 

* 

Ser22IAsp 

Giy 68Asp 


GlylOOGlu 


Gly222Ser 


Thr223Glu 

Giyl34Glu 


TyrX 69Leu 


Ser207Glu 


Arg218Glu 

ThrlOoAsp 


Ser207Giu 

+ 

Arg218Asp 


IXe220Cys 

Arg 64GXu 


Asnl 63Ser 


3eE2 07AsD 


Arg218A3p 

Serl39Asp 


Ser20?Asp 


Arg218Asp 


IXe220Thr 

Leul 33Asp 


Glyl34Pro 


Asnl 62 Asp 


TyrX69Asn 

Val 95Asp 


Qlyl34Giu 


Asnl94Glu 


Thr211Giy 

Ilel07Asn 


Serl40GIu 


Serl70GXu 


Ser219Asp 

Tyri37Cvs 


Serl40Glu 


Serl70Asp 


Ser219Glu 

Tvrl37Thr 


SerX40Glu 


Serl70Glu 


Thr206Glu 

Tyrl37Asn 


Glyl60GIu 


AspX65GXu 


Ser2ieGlu 

Asn, 99Giu 

4 

GiyieOAsp 


AspieSGXu 


Leu209GXn 

Asp 97Glu 


?yrlQ4Glu 


Leul33Ser 


IXe220Leu 

Asn €7Giu 


Val 95Gly 


Pro204Ser 


Ser216Asp 

Asn 99Asp 


Asnl62Gln 


Serl91Asp 

+ 

Gly222Glu 

GiyiOCGXu 


ThrlOSGly 


Asnl62Asp 


Tyrl69Giu 

Asp 65GIu 


Asn 99Asp 


GiylSSAsn 


GiylSOAsp 


W096/285S6 


9! 

Asp cSGlu - Asn 99Giu + 
Glyl34Glu * Asnl61Asp + 
Asp 97Gia + Ginl03Glu + 
AsnloiGlu + AsplSSGlu -f- 
SerUOGlu + Alal64His 
Giy 70Ser Gly'102Asp 
SerlOlGiu + 2iel07Glu ^ 
Tyri37Glu * Asnl62GIu 
Gly 68Asp ^ Seri70Glu ^ 
GlnlOSAsp + Glyl35Asp -s- 
Tyrl04VaI + Glyl36Glu + 
Glyl02Pro + AsnlSlGiu + 
Giy "^OGlu * Tyrl69Cys + 
Asnl68Glu Serl90Giu + 
Sen 90 Asp - Ser207Asp + 
Asr. 67Giu + SerlOaOiu ^ 
Atg 64G1U + Serl91GU5 + 
Argl67Asp ^ Serl91Asp + 
Argl67Giu + Thr206Ser 
SeriOlGlu + AsnieiGln + 
SeriOlAsp + Glyl36Fro + 
Tyrl04Gln + Thrl06Glu + 
Giy 68?ro Leul33Glu + 
Glyl60Giu Leu209Val + 
3erl9lGiu + Leu209Gin + 
Asn 67G.in * Argl67Glu 
Asn 99Gin + Seri70Asp + 
Serl38GXu + Asnl62GXn + 
Giyl35GIn + Asnl68Giu + 
GlylOOGlu + Thr206Ser + 
Asnl63Gln Gly214Asn + 
GiylOOPrc ^ ?hr211Asn ^ 
Thr206Pro + Leu209Thr + 
Glyl02Asp + GiylnOAsp + 
LeuI33Cys + Giyl34A5P + 
Asp 65Giu + Thrl06GIn + 
Asp 9SG1U •*- GlyiOOSer * 
SerlOiAsp + Tyrl37Aia 
Giy 70Asp + Giyi36GXu 
Gly 68Glu + 7yrl04Giu 
Giy eSAsp -t- GiyieOGin + 
Asnl63Gln + Serl90Glu + 
Arg 6 4 Asp + Glnl03A5n + 
Arg 64Glu + Tyrl04Ser 
Glv 7 0ASP + serlOlAsp ^ 
Glv 7 0Asp ^ Leu 96Thr + 
Iiel07Asp - Serl38Glu + 
AsnieiGlu Ssr207Asp 
Glv eaAsn - Asnl63GIu + 
Asn 995er + Glnl03Asp + 
Ginl.0 3Glu * Lsul33Gin + 
Giyl02Asp + Leul33Thr + 
Asp 97Giu Ser207Asp •+ 


Trp212Asn + Ser219As» 
Thr217Pro + Ser219Asp 
As::163Gln * Iie220GIu 
Ssr207Asp - Thr223GIrj 
Thrai^Asp Ile220Asp 
LeuU3Asp + Serl91Asc 
Thr217Pro + Ser2i9Glu 
SerlSOAsp + Ile213Gin 
Ser216Asp + lie220Val 
Leu209Het + Ser216Asp 
S6rl39Giu + Seri90Asp 
AspI65Glu + GIy214Glu 
SerlSOGlu -s- Ser20 7GIu 
Pro2043er ^ ier.Tn-Giu 

1yr:37Asp t Giy2153Iri 
Iie220His 4 Ser22iAsr) 
Iie2i3Aia + Ser221Giu 
Ser219Asp + Giy222Glu 
Asni62Asp + Serl90Asp 
Ser216Asp + £er219Glu 
Ser2i6Glu + Ser219Glu 
Ser216Glu + Ser219Giu 
Ser2x6Giu * Ser2i9Glu 
Ser216Asp Ser219Asp 
Ser216Giu + Ser219Asp 
Ser216Glu + Ser2iSAsp 
Ser2X6Glu + Ser219Glu 
Ser216Asp + Ser219Asp 
Ser207Glu + ?hr223Glu 
Ser216GIu + Iie220Asp 
Ser216Asp +- Xie220GIu 
Ser2X6Giu -r I1s220Asd 
SerI90GXu ^ Trp2X2Ser 
Asnl62Asp Ser216Asp 
Ser2If>GIu 4 Giy222Gln 
Asnl68Asp + 2Xe213GXu 
AsnieiGlu + Thr20£Giu 
Serl40Glu + Iie230Pro 
Leu209Vai + 3er21SAsp 
AsnI94GXu + Sec219Asp 
Sar216GIu + Ile220Giu 
LeuX33Asp + Gly214Giu 
Leu209GXu + GXy214Asp 
SerI40Glu Iie22DVai 
Leu209Asn + Ser2X6Glu 
AXaX66Gln + Se.r213Asp 
Leu209Ile + Thr217Asp 
Argi67Glu + Ser2X9AsD 
Glyl36GXu + Thr206Glu 
Giyi36GXu + Ser21SGXu 
Ser207Asp + Thr21?Giu 
Thr217Giu + Thr223Asn 


vcrmsumms 


n 


Ser 

iOlGIu 


Serl91Asp 

4 

Ser207Giu 

+ 

Leu20'3Cvs 

He 


* 

Serl91Giu 


Ser2D7Asp 

4 

Ser2 1 c-AsD 


71 Pro 


Serl91Giu 

■*■ 

Ser2G7Glu 

4 



:64Gin 


Serl91Glu 

4 

Ser207Glii 

+ 

Ser:iCAyp 

Ser 



Asnl94Asp 

4 

Ssr2C7Giu 


IIe220Vai 


i70Asp 

+ 

Asnl94GIu 

■* 

Trp2123er 

4 

Ser2I6Glu 

Arg 

64Giu 


Asn 99Glu 

+ 

Serl70Asp 

4 

Leu209Thr 

Asp 

97GIU 

+ 

Leui33Giu 

4 

AsnieiSer 

+ 

Ser216Asp 

Tyr: 

137Pro 


Serl 4CAsp 

4 

Phel92Asp 

4 

Ser207Glu 

Asn 

99Ser 

4 

GInl03Glu 

4 

Serl70Asp 

4 

Ser219Asp 

GlrxXOSGIu 


Asnl63Glu 

4 

Serl70Glu 

4 

lie220Hls 

Asp 

65Glu 

+ 

Asn 99Ser 

4 

SeriOiGlu 

4 

Serl91Asp 

Ser. 

lOSGlu 

4 

Glyl35Asp 

4 

Thr206Asp 

4 

Thr217Gin 

Leu 

95Cys 

4 

AsnlolGXu 

4 

Argi67Glu 

4 

Arg218Asp 

Arg 

&4G1U 

+ 

GlylOOGiu 

f 

Asnl6iSer 

4 

L«u209Giu 

Val 

95Met 




SerlOSGlu 


Ile220Asn 

Gly 

68Giu 

4 

Val 95G1U 

4 

Asnl68Ser 

4 

Leu209Ala 

Asn 

67Giu 

4 

Asnl6iAsp 

4 

Ser216Asp 

4 

Glv222Asn 

hsn 

oTAsp 


Leul33His 

4 

Argl67Glu 


Ser2i6Gia 

Ser: 

lOSAsp 

4 

Glyieoser 


Serl?OAsp 


Thr206Glu 

Gly 

6 6 Pro 

4 

Asni62Asp 


Seri70Glu 

4 

Ser219Glu 

GiylOOGlu 


GiyI02Asn 


TyrI04Asp 

4 

3er207Asp 

GlylOOGiu 


Tyrl04Aso 


GlyieOGiu 


Gly2i5Gin 


TABLE 35 


Muiti-ioop Qurntupie Mutation Variants 

4 Glyl36Giu 4 Thr206Gin 4 Leu209Met 4 

Il£220Het 

4 Giy205GIn + Ser216Glu + Thr2i7Giv 4 
Iie220Gly 

4 Aial64Ser 4 Seri7GGlu Phe:92Ket 4 
Thr223Gly 

4 AsnieiGln 4 AsnI63GIn + Leu209Met 4 

Iie22CLeu 

* Glyl36Ser 4 Asnl62Asp + ?yrl69Giy 4 

Phe202Met 

4 Leu209Gin ^ Iie213Gly + Ser2i9Glu 4 
Ile220His 

4 Thr 71Gly 4 TyrI69Hi5 4 Phe202Ser 4 
Iie220Asp 

4 Alal66Ser 4 Ser207Glu 4 Ile213Gly 4 
Gly222Ser 

4 Thrl06Pro + Tyrl3?Cys 4 Trp212ile 4 
21e220Val 

4 Aial66Pro 4 Fhel92Met + rhr206Giy * 
Ser219Glu 

4 Giy205Asn 4 Leu209Cys 4 Gly215Pro 4 
Iie220Thr 

4 Asnl68GIn 4 Phel92Cys 4 Thr206Gln 4 
Lsu209Ser 

4 Tiel07Gly 4 Serl40Asp + Leu209Ala * 


LeulJiGin 
GIy203Asn 
Val 9S.His 
Leul33Asn 
Asn 67Gin 
Iiei07Asn 
Gly 66Ser 
Glyl35Ser 
Asp 98G1U 
Giyi34A3n 
Thrl06Glu 
Asnl63Gln 
Leu 96Gly 
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Tnr22:3Gi.y 




Asn 67Ser 

+ 

Val 95H1S + GlyiaSGln 
Ile220Ala 


Serl91Glu 


Ilel07GIy 


Tyr 1 closer - Asnl94Ser 
Leu209Ser 


Ser207Glu 


Tyrl37Kxs 


Leu209Het + Ile220VaI 
Thr22 3Gln 


Giy222Asn 


Val 95Aia 


Tyri3'?Fro Aial64Glu 
Thr2Cf6Asn 




Leu 96Giri 


Tyrl37Leu Tyrl69His 


Leu:^0 9Asp 




lie2?0Pro 



Gly 66Fro 

+ 

Gly 70A3n * Leui33?ro 
Ser207Glu 


Phe2G2Pro 


Vai 95AIa 


Leu 96Met -»■ Tyrl04Asn 
Ser216Asp 


Iiel0 7Ala 


Gly "OSer 

4 

Iiel07Gly + Leul33Met 
AsnlBAhsp 


?hei92His 


Giy 68Pro 

■i 

Val &5Ser * GlvlCOAsn 


Tyrl37Cys 




Xle220Pro 



Gly 66Ser 


Giyl02Gln * Alai64Gln 
Giy222Asn 


Ser219Glu 


GiylSSGin 

* 

Serl90GIu + Leu2Q9Cys 
Ile220Vai 


Gly215Gin 


Giy 68Pro 


Asnl63Asp + Phel92Pro 
Ils220Thr 


Leu209Gly 


Asn 67GIn 


Gly 70Asn * Ilsl07Leu 
Asnl62Glu 


GIyI36Asn 


Giy 70Pro 


IleI07His ^ Serl90Giu 
Leu209Gln 


Pro20'2Asn 


Leu 96: le 

* 

Aspi656iu + Phe202GIy 
Thr21iGiy 


Leu209Asn 


Giy 6 6 Pro 


Gly 70As» + Tyrl69Asn 
Giy215Ser 


Leu209His 

* 

Tyrl04Met 

+ 

Asnl94Glu * Leu209Cys 
Iie220Gin 


Thr217Pro 


Gly 70Asn 

+ 

Leu 962 le + Tyrl04His 
Ile220Gln 

+ 

ASRieiAsp 


Val 95Thr 

+ 

Glyl02Pro + Thr206Ser 
Glv222Ser 


Gly214Glu 


Thrl06Gln 

+ 

Asnl63Ser + Iie213Pro 
Ile220Ser 


Ser216Giu 


Leu 96Cys 


Giyl36Asn + Serl70Glu 
Ile220Gln 


Thr206Gin 


Gly 66Gln 


SerlOSGlu +• Glyl35Pro 
Thr206Ser 


Giy205Asn 


GlyI02Pro 


Tyrl04Ile * Thr211Giy 
Thr223Gln 

+ 

Ser216GIu 


Tyri04Ala 

+ 

Gly203Asn + Leu209Gly 
Ile220Cys 


Arg218Asp 

+ 

Gly 66Pro 

+ 

Val 95Thr + Asni61Ser 
Iie22DCys 


Asril62Gln 


Giyl02A3n 


Glyl36Gin + Phe202Met 
Ile213Giu 


Ile20SVai 



PCr/l}S96fl)3<»05 


Giv 66Ser ~ GIv 68Ser Giyl34Gln + Aiai64GIy 
Aspi65Ga.u 

Giy 66Pro - Aial64Asp ^- Tvri63Ser Thr206Gln 
Thr217Asn 

Leu 96lle ^ Giyl36GIn - AsnlCXSer Thi^OCGlr, -i- 
Ser207Asp 

Asn 67A3D - Tyrl04Asn + Glvi35Gin * Tvrie9Iie - 
Leu209Kis 

Giy 7 0Pro ^ Glyl3 6Pro * KerlB.Asp * Leu209Ser + 

Giy214Pro 

Asp 65Giu 4 Tyri37Vai + Aial64Asn * ?hel52Aia + 
Thr206Ser 

Leu 96Thr + GInl035er * Tvrl04Asn - Asd165G1u + 
Iie220His 

Giy 68Asp ^ Giy 7o?ro - Asn 99Ser + Gly21.4Ser + 

Thr223Ser 

Leu 96Ser - L«i;;23Aia * Tyr 1 .'.-. /Met ♦ Leu209Iie + 
Ser22iAs;p 

Giyl34G.ln * Asni94Gir. - Th: 20c.Ser ♦ Leu209Mer. ♦ 

Iie2I 3Leu 

Giy 70Giu * Leui33Cy- - Glvl35Gin - Thr2C6Giy ^ 

Gly222Asn 

Giyi34Ser - AlaioSGln - Tyrl69Cys Thr206Giy - 
Ser2 2 lAsp 

GivieOSer - Tnr2UfcA;-;iP - Iie213Gin - ::e22Ct'rD * 
Thr223Giv 

Tyrl04Asn - Giyl35Pro + Leu209IIe * Ser:i9Gau + 

IIe22QVal 

Asn 67G1K * ThrlOoAsn ^ Giyl60Glu - Tyrl69Asn ♦ 
Leu209Aia 

Val 95G1U - GlylOOPro - Tnr206A5n * l.eu2C9Thr + 

Iie22GAia 

Asp 98G1U + GlylG22dr - AlaI64GIn ^ Thr2065er * 

Iie220Asn 

G.lnl03Asr: + G.ryl36Pro -r Ser^SSAsp + Leu2G9Giy - 
Ile220Gin 

Asn o7Gir; ^ Thrl06Asn - Glvl3€Gin * ?hr205Ser ♦ 
Iie22CAsr. 

Asn 67Gln - Glyl34Gln * TyrI69Cys + Ssr219Asp ^ 
Ile220Asp 

AialoCHas - ?hr206Giu - Ser207Asp * Ile213Cys + 

Iie220His 

G.ly 70Pro ilel07G.lV + Leu209Gin + Iie220Glu 
Ser221Asp 

Asn 99Ser GiylcOSer Gly215Giu * Ser216Giu + 
Thr217Gln 

Glyl02GiK + Iiel07Cys + AIal64Ser * Leu209Asp + 
Ser219Asp 

Glvi34Asn - Tyrl37Gln + LeuaOSGlu + Ser219Asp 
Ile220Met 

Glyl02Gin ^ GlylSOGln + Leu209Asp Arq216Asp -s- 
Ser219Glu 

Giy 70A5n ^ Ser207Giu - Leu209VaI + Ser219Giu + 


PCT/US96^3005 


Tle220Glu 

A:a:64Asri - Ser207Asp- Thr217Pro +■ Ser2I9GIu 
Iie220Asp 

val 95Thr * Alal64Pro + Ser207Glii -t- Ile213Val + 
Ser22iAsp 

Val 95Asn ^ GiyiG2Pro + GlylSOPro + Ser207Asp - 
Ser2l9A5p 

Asn 67Gin + Ser207Glu + Leu209Val Ser219Asp 
Ile220Ala 

Asn 67Gln + G.lyl36Gln + Serl38Glu SerUOAsp + 
Leu209Met 

Tyr:04Asr. ^ Serl38Glu + Serl^OAsp Leu209Thr * 
Ile220Val 

Asp 97GIU - Asn 99Asp -f- Giyl02Gln r Tvrl37Ser + 
IIe220Cys 

AsnieiAsp Asnl63Gin ^ Tyrl69Ala + Asnl94Asp + 
Leu209Ala 

Thr206Glu - Ser207Asp r Leu209His + Ser2i9Asp + 
Thr223Gly 

Glyl02Ser Glyl36A3n + Xhr206Giu + Leu?09Thr 
Gly222Asp 

Thr 71GIy 4 Glyl02Asn + Ser219Asp + Iie220Cvs + 
Ser22iGlu 

ThrlOoSer -r Glyl60Asn + Gly2C5Asn + Ser2i9Asp + 
Ser22lAsp 

Val 95Gin * Leul33Gin + Glv2:5Asn Thi'217AsD 
Ser2i9Asp 

Leu209S6r -i- Ser2l9Giu + Iie220Gly * Ser221Glu + 
Gly222Asp 

GlnlOSSer + Gly203Pro + Ser216Giu + Arg218Giu + 
SeE219Aso 

Val 95Ser + Glyl35Gin SerisSAsp + Tvri69Giu 4- 
IIe213Thr 

Asn 67Gln * Giyl60Pro + Ser207Glu * L«su2Q9Cys - 
Glv222Giu 

Giyl35Asp * Serl38GIu"* Gly203Gln + lie213Met * 
Giy222Asn 

Asnl62Gin + Ser207Asp + Leu209Pro + Set-219Glu + 
Gly222Asp 

Tyrl3?Asn + Alal64Asp Argl67Asp + Leu2C9Ile + 
Ile220Met 

Leu 96Gln * GlylG2Asn + Glyl35Asp + Asni68Asp + 
Ue220Aia 

Val 95Pro + Asn 99Asp + GIvl02Asr> + Glyl60Gln 
Leu209Asn 

Asn 99Ser - Ilel07Giy * Asnl62GlR - Leu209Asp + 
3er221Gl-a 

Gly 66PrD AsnI62Asp Serl91Asp * Thr20€ASR * 
?hr223Asn 

Glni03Asp + Tyrl04Asn + SerlOSGlu + Serl^OAsp + 
Leu209Cys 

Leu 96Ser Glyi36Ser + Asnl68Glu 4 Asnl94Asp + 
Thr206A.sn 


96 

G»y 6=?GIu ' Val 95Ala + Glyl56Asr! + G:iy203Asn + 
Ser2i6Asp 

-sp 65Giu ThrlOfcAsn + Giyl34Gln + Giv214Asp + 
5er216Glu 

Giy oSGIn + Val 95Pro + Asnl62GIn - Seri9QGiu -j- 
Ser207Asp 

AialDcThr + Serl90Glu + SeraO^Giu * Lesu209Gln ^ 
Thr217Gly 

GlylOOPro Glyl60Gln + Serl90Giu Ser20?Asp •^ 
Leu209Pro 

Asn 67Giu + SeriOlGlu ^ TyrlO^His + ?hei92Ser + 
Leu209Thr 

Serl91Giu + Phe2G2His - Leu209M£t Ser221Asp 
Thr:23Gln 

Giyl34Asp - 3eri39Asp Serl^OGIu + Ile213Met + 
Thr223Asn 

Tyrl37Asn + Tyrl69lle + Thr206Asp + Ser219Asp * 
Thr223Asp 

Tyrl04Cys i- Leul33Ile * 3er20?Giu + Ser216Giu 
Arg218Asp 

G2y SSAsn Tyrl37ser + S8r207Giu + Ser216Asp * 
Ser219Glu 

Tyri37Ser * Asnl68Ser * Giy2I4Asp ■>• Ser216Asp t 
Ser219Gl\i 

IleI07His -5- Asnl62Ser + Ser216Gl.u Ser219Asp + 
Ile220Asn 

Asn 67Gln AsnlSSSer + Ssr216Asp + Ser219Glu + 
Thr223Ser 

Leu 96Asr. - Laul33Pro + Thr206Gln -^ Ser2I6Asp * 
Ser219Asp 

SerI91Glu ^ Thr2a6Asp * GIv214Asn - Ser2i9Asp r 
Thr223Asn 

Gly eeser - SsrlOSGlu + ThrlOcPro + Serl38Glu + 
Leu209IIe 

Giyl36Asp + GlyX60Glu + AsnI63Ser ^ Xie220Ser 
Giy222Asp 

IleI07Met Asnl62Asp + Serl90Asp + Ser221Asp 
Giy222Ser 

Gly 70Gln * Gly214Ser + Ser2I6Glu + Ser219Giu * 
Ser22IGiu 

Glyl36Glu - Asnl62Glu + Gly214Ser - Giy215Asn + 
Ile220Leu 

Gly 68Asr) * Leu209?hr + Arg218Glu + Ser221Asp + 
Thr223Pro 

GiylOOSer + Phel92Giu + GIy215Asri Ser219Asp + 
lie220Giu 

GiyI34Gin ?hel92Glu + iie213Gly ^ Ser219Asp + 
Ile220Glu 

Thrl06Gly ^ Asril62Ser + Asnl94Asp + Thr206Asp + 
S6r221Asp 

Glnl03Asn * Asnl61Asp + Ser207Asp 4 fhr217Ser 
Iie220Glu 

Giy 68Asn ?hel92Asp + Ssr207Asp + Leu209Asp + 


PCT/USSMISOOS 


Ile220Asn 

Giy 6BAsp - Ph6i92Tvr + Leu2a9Glv Ser2i9AsD 
Ile220Gin 

Arg o4Asp + Asp 98Giu - Tyrl37Val •(• Phei92Val + 
Giy214Asp 

ryria4Gj.y + Iiel07Gl>a + Glyl60Glu SernOGlu * 
Leu209Cy£ 

Val 95Th.r -r Ilel07Gly ^ Seri91Glu + Ssr219Giu ^ 
Iie220asp 

Asp 65G1U + Gly 66Asp + GlylOOAsn + Giyl02Ser - 
Seri90Glu 

Asp 65GXU + Gly 66Asp + Glyl34Gln * Ile220AsF r 
Thr223Gln 

Asp 65Giu -i- Gly 66Asp + Leu209Glu - Ile2i3?aa - 
Ile220Aia 

Asr. 99GIn +• SerX90Glii + Seri91Asp -t 3er219Giu + 
Iie220His 

Gly 70Asp SerlOlAsp + Tyrl37cys Giyieoser 
Ile22GHis 

Tyrl37Ser * Serl38Asp + Serl39Giu * IIe213Met + 
Ser21.6Asp 

Glyl35Ser - SerI38Giu Asnl94Ser t- Ser219Gli: * 
Iie220Giu 

Thr 72Pro + Asp 97Giu * Thr:06Ser * Ser219Glu * 
Ile220Glu 

Arg 64Asp + Gly 66Gln + Thr206Giy " Ser219Glu -r 
Iie220Asp 

Vai 95Aia + Gini03Ser + 3eri39Asp - Ar9:67Giu * 
Ile22aAla 

SerlOlAsp + Glyl02Glu 4 Iie2:3V&: » Thrri^Ssr - 
Thr223Glu 

Asn 99Asp GlylOOGiu TyrI37Thr - AsnicSGlu - 
61y21 5Gin 

Gly 66S6r + lleI07Glu Leu209Asn t Ser22lGiu + 
Gly222Glu 

Asn 67G1U 4 Thr 7lGln + Asnl61Asp + Asnl62Glu + 
Gly214Ser 

GlylOOAsp SerlOlGlu + Thrl05Gln + Ile213Cys * 
Ser221Asp 

Arg 64Asp + Asp 65Glu + Gly 68Ser * Leu 96Gln ■^- 
Asnl58A.sp 

GlyieOPro Thr206Glu + Ser2a7Giu + Gly215Glu + 

Gly222Pro 

GlyI02Ser + Tyrl37Asp + Tyrl69His + Thr206Glu 
Ser207Asp 

Giy 70Asp + Asn 99Ser + Tyrl04Giu + Serl05ABp - 
Thr217Gin 

Leu 96Giu + Glyl35Ser + Thr217Ser + Ile220Giu f- 
Ser221Glu 

Asp 9761U + Asp 98GXU + Gly205Pro Gly215Ser - 
Ser219Giu 

Gly 68Gin + Serl38Asp + Leu209Il€ +• Arg218Asp ^ 
Ser215Asp 


Asr. 67Ser - Giyi36Asp Glv215Pro Ser216GIu 
Thr217A.sp 

Asn 99Gin * SerlOlGiu -^ AsnlSlGin * Asnl62Asp 
AsnI63Asp 

Tyr:3"Glr; - ~yri69Thr - Ser207A5p + Giy215Asp 
Ser216Asp 

i.^-:. 96Cys " 5erl90Asp Gly21SGlu Ser21€Glu 
Iie220Cys 

GiyloOPro - PhelSSAsn Ser2C7Glu * Giy2i5Asp 
Ser216Giu 

Thr 7iAsn - Phel92Vai + Ser207Asp Giy215Asp 
Ser216Asp 

Glyi34Glu * Asnl68Asp + Trp212Ile + Ile22GAsn 
Thr223GIu 

GlnI03Asp GIyI34Ser - Serl39Glu Asnl62Ser 
3erl70Asp 

Glr.i03Asp -f ThrX06Ser Serl.38Giu Leu209Val 
Gly215Gln 

Asn 57Gin - GlnlCOAsp Giyl35Glr4 •*■ 3erl38Giu 
L6u2CSAsn 

Asp 97G1U + Ilel07Gin + Glyl36Ser + Ser2G7Asp 
Ser221Asp 

Tyrl37Ile - Serl38Giu + Asnl94Ser + Ser2G7Asp 
Ser221Asp 

Glnl03Asp ^ Giyi35Asn + Glyl36Pro + S6r207Glu 
Ile220Giu 

Giyl02Gln * Glyl35Giu ^ Giy203Ser -r- Ser207Giu 
Iie220Giu 

Tyrl04Iie Asnl€3Asp - Arcii67Giu Tvrl59Cvs 
IXe2DBCys 

Gly 66Giu ' Asp 97Giu + TyriO^Glu * Glvl36Gln 
Leu209Met 

GIylC2Ser 21el07Cys Argi67Asp -f Ser207Asp 
Ser2 1 9Asp 

GlylOOAsn ^ Glyl34Asp * Ser207Glu + Gly214Ser 
Ser219Asp 

Arg 64Asp + Val 953er + Thr206Ser + Ser207Asp 
Ser219Glu 

h&nl^AKsp Ser2D7Giu Ser219Asp + Ile220Met 
Thr223Asn 

Serl40GIu Ser207Glu - Leu209Ala + Gly215Gin 
3er219Glu 

Tyrl04Ser + Glyl60Giu + Ser207Glu + Gly215Ser 
Ser2X9Asp 

Asp 65Glu + Thr206Ser + Ser*207Giu + Giy215Ssr 
Ser2i9Asp 

GInI03Ser -r Asnl6SGlu + Pro204Gin 4 Ser207Glu 
3er219Asp 

Leul33thr + SerUOGlu + Asni61Ser + Ser207Asp 
Ser219Giu 

Leu 96Pro + Serl40Giu + 3er2G7Glu + Leu209Thr 
3er219Giu 

Asra61Asp + AsnieSGin Seri70Asp + Serl91Asp 
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i n r i ' -•■ b v.; i u + L e u i u i-- u x y 







.".snl 9 4-o^u 






Asp 


ASii c .'Glu * Leu 9oAia 


Giyl 023er 



Tyr 1 69Asp 



.-vsn .. 


Asp 1 .~G .i.u i'^rcf 1 67Asp 


, , ,-,1 ., 
^■^^'^ ^' 






TyrI04Iie 

+ 

Tyri37r^e t Aspl6SGiu 


Argi£7Glu 



5er219Asp 



SS-tT i 9DGlu 

T 

Phel-.^?G^.u f Leu2U9Cys 

* 

Ser2I9Glu 



^ , ^ „ 







Ile220Kls 






. , , c; c- ^ 


i J. u! i -.• . ... e i ^ -^^ ^ ^ £- 0 Asp 





''■^ J • ■■ -'S.-T.xvi 


- 

ber i 40Asp 



Ala 1 6feGi y 


, , . .. .. 

vs.- r;:3-. yb 







Ser j-v.iulu^^^Ser^.:;.sGi-U 


Asp -• ■•iw^a 


Asn 9 9 Asp * SsL'i. j9Asp 











* 




rnei i tit 



<- 


V.-! .1. y ,3 i >.; * AS Vi .i.v J. AS p 










SexlO-'Giu AsnlOiiSei: 


56i:2--! Giu 



7^.122 3G.In 





GililOSGiU + 5C;irj.05Asp 


Asni63Gin 



Leu209Cy5 





Serl^OGlu Pn£i92Met 





Ser2 1 €<Rsp 





SerlO-SGlu + Giy2i4Gli! 





Tr;.r223Asn 



Glnl03Ser 


As n 1 6 8 As p +- G .L y 2. C- S Q r 


u i y i i «i/i.sp 






Giyl35Giu 

+ 

.yrlo ^ .-:v8.t. .. v. fhs-p 





I j.e22GCys 



Asn 99GXn 


Glyl36Asp GiyloCSer 


Serl 'OAsp 



S€r2 1 6Asp 



G i y i 3 t)ASp 

+ 

TyriG9Ser +■ Sari 70A,'3p 








Asp 9 .'Glu 


SsrlOlAsp f Ssrl39Glu 








Asp 9 ' Gill 


Cut- ir>"1^1^~ .i. TTc'JI ^M^s *■ 


Tnr^- - v'..y 






Thrl06Asn 

+ 

IlelO^rro*^- Acnl9';3:u 


Ser219Asp 



Ser22iGlu 



Leu 96Met 

+ 

Asn 99Asp * SerlClGlu 


Ser 139A3P 



Leu209Thr 



Asn 99Asp 

+ 

SerlOlGiu + Glnl03Ser 


Serl39Asp 



IIe220Pro 
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Gly l^sGlu - hsp 973lu -^^ GlylSOAsn + Asnl€3S€r 
Ile22CAsp 

i\rg o4Asp - Giv 66Asp * Il£l07Gly + S6r2Q7Glu -^ 
Ile220Vai 

Gly 70Gln + Glni03A3p + Leul33IIe + Serl40Asp + 
Leu209Thr 

Asn €7Glu Gly 7031u + Asn 99Gln + TyrlG4Ket + 

Leu209Asp 

Tyrl04G.In + I lei 07 His + 3eri91Asp + Thr2Q6Glu - 
Arg218Asp 

AsnlclGIu + Alai64GIn + Ile213Asp + Ser216Asp + 
Thr217Asn 

ThrlOSGln + Glyi36Pro + Thr206Ser +■ Ser207GIu 
Thr217Glu 

Asp €5Glu + Leu 96Gly Asp 98Giu + Thrl06AsD + 
Iie220Gln 

Asp 65Glu + hsp 98Giu + Ilel07Gly + GlylSSAsn ^- 
Glyl3SAsp 

GlylBoAsp + Serl38Asio Ser207GlU + Leu209Asn 
Giy222Asn 

Thrl06Gln * Glyl36Asp + Serl38Asp + Leu209Cys + 
Ser216Gl\i 

Val 95Aia Asp 97Giu + Asn.l66Ser Ser2D7Asp 
Leu209Glu 

Ilel07Glu + Thr2063er + Ser207Glu * Leu209Glu * 
Thr2ilGiy 

Gly 70Pro + Leu 96Val Giyl02Glu + Ser207Glu + 
Leu209Asp 

Val 95His + Asnl94Asp Ser207Asp + Leu209Asp + 
Thr2X7Asn 

Seri40Asp Alal64Pro -s- Ser207Ast5 + Leu209AsD 
Iie220Gly 

GlnlOSAsp + Tyrl04Gln * GiyiSOSer ^ Aspl65Gia -s- 
Asnl63Asp 

Asp 65G1U + Gly 66Ser * Gly 7GGlu + Giyl36Asn + 
Ser207Asp 

Gly €8Asp + Phel92Asn + Gly205Asn + Thr217Asp 
Ser22XAsp 

GlyI34Asp + Glyl36Asp ^ Ser207Glu ^ Leu209Iis 
Ile22QCys 

GlylOOAsn + 6iyi36Glu + Glyl60Gln - Ser2!9Asp + 
Ser221Glu 

31ylD2Ser + Serl70GIu * Gly215Asn + Ser2I9Giu *■ 
Ser221Glu 

Gly 66Ser * Asnl63Gln Argl67Giu Ser219Glu + 
Ser22iAsp 

GlylOOGlu * Glyl36Asn - Leu209Ser ^ Ser219Giu +■ 
Ser221Asp 

Leul33Ala + GlyI34Asp + lie213Cys + Ser219Glu + 
Ser221Glu 

Glyl02Asn + Gini03Glu * Thr206Ser + Ser216Glu + 
Arg218Asp 

Asp 96G1U * ThraOoGiy ^ Iie213AIa + Ser216Asp 


W096/28S56 


Arg2i8Giu 

Asnl63Asp + IIe208?isn Ils2i3Asn + Ser216Asp ■^ 
Arg218Asp 

Giy 6S3er - Giy 70Glu Tyrl69His + Thr206Giy + 
Ile220Asp 

P.rg i)4Giu * Asn 67Glu + IXeI07Gly + Le\l209VaI 
Iie220Glu 

Gini03Giu * Glyl34Ser + Serl38Glu + Argl67Asp + 
Thr223Asn 

GlylOOPro -^^ Tyrl04Pro - Leu:33Gin Phei92Asc + 
Ser207Glu 

Giy 68Asn + Serl38Glu f Asnl63GIu ^ ArgX67Asp + 
Thr206Gly 

Giy 70Ser + Ginl03Asp + Asnl62Ser + Serl70Asp + 

Asp 96Giu GlylOOSer + SerlOlAsp - Asnl61Ser - 
Ilo22 0Asp 

Tyrl57?ro * Seri39Asp + Asnl61Glu + Alal€4GIu + 
Iie220Gly 

Giy 66Asp - Asn 99Giu + Tyrl04Met + Ser20?Glii + 
I,eu209Pro 

Giy 66Asp + Asp 97Glu + Tyra04Gin + Iie208¥al 
Leu209Asp 

Ilel07Asp + Phei92i1et + Ser2G?Asp + Gly222Glu i- 
Thr223Gln 

Arg €4Glu + Le\i 96Ala f Alsl64Asn + 3er207Glu 
Giy222Aso 

Leu 96His + Ser207Glu + S6r216Giu - Thr2i7Asn * 
Gly222Glu 

Tyrl69His + Seri70Glu + Ser207Asp * Ile220Ser - 
Glv222Aso 

Giy 6SPro Leui33Giu + Leu209Asp + Giy214Gin + 
Ser221Giu 

SerlOlAsp + Argl67Asp + Seri.70Glu + GiySlSAsn 4 
Thr22 3Gly 

Asp 65G1U + Asp 97Giu Ser207Asp + Giy222Ser + 
Thr223Ser 

Asp 65G1U + Asp 97GIU + Asn 99Gln + Glvi35Glu * 
Thr206Gly 

Tyrl04Met + GlyiSOAsp Alal64Glu + Leu209Asp + 
Iie220Thr 

Leu 96Ser + Asni62Glu + Aspl65Giu + Tyrl69Cys + 
Arg218Glu 

Asp SSGlu + Ilel07Thr + Asnl62Glu Aspl65Giu + 
Thr217Pro 

Vai 95Giu SeriOIAsp + Asni62Glu - Phei92Thr + 
Gly215Gin 

GinlOBAsn + Tyrl04His Thr206Glu + S6r21€Giu 
Thr223Glu 

Glyl35Asp + AsrJ.68Asp + Tyrl69Asn Seri91Glu + 
Giv205Pi;o 

Glyl02Giu + Serl05Glu% Asni61Gln + Ser207Giu 
Iie220Met 
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L<?ul 33Giu 


Ph<?192Pro Thr'''06Gii; 










Asn 9 9 Asp 




3€rl< CGl.i 












" 




















GlylOOGiU 




Ser215Asp 












. nr^ ucG-.u 




^, ^ 




Leu 


y 1 J'4 Aip + ij J. v'i <jr ro 

* 

- 

isr^ .,^Asp 











SoriQTAsp 


r . 

- 

Al5lr4Ssr - Thr206?rc 


.~ e r 1 ^ " G _ u 










3er207Giu - Leu2uyAsn 


Trp/,:;,Go' 








GlylOOAsn 

+ 

TyrlO«JPro'- S.-r.^^Giu 


Ser207Glu 




Ara2ieGlu 








-■^■^''^ 


-'- ^'■^■^•^ 


S e r i 4 'Ji-xB p * o t r i " (j Asp 






T'^'rl69''' ^ '■ ^ " e ■"' 1 lu 


AjTQf^ !L dASp 







''' 







Ast5 9 ( Gi U 


liiSlO'Uyi -HST; bK;A;3p 


■r 1 0 1 a-t^ 




i^eut; uyAi?. 




Asp 97G1U 


Tyrl04GiU liexO/Giy 


Lsiii j3Ser 




I ie22QLeu 






Leui33Asp * GlylS^Asii 


G_y<i* =oer 








Asr. ti Glu 












Arg 64GIU 





+ 


Asp <o^u^*^^5--^; - ■^>-ri 




Giy 6'&Ser 


G:Lyi34Asr - A?ril<lAso 

4 

Ser207Giu 



Thr2i7Gly 




Asp 55Glu 

+ 







Ser2i tjAsp 




Giy ooCaiU 







S fe r 2 1 9 A&p 




ThrlOoGiy 

_^ 

Asnl63Asp Leu209Pro 


Ser219Glu 


Asp cdGIu 


Girii03der + Glyl34Giu 


Giyl36Asn 



Ssrl38Giu 




Glnl03Ser 


Iiel07His + Asnl*>lAsp 

+ 

AspX€5Giu 




Ser2G7GlB 




Gly 66Pro 

4- 

Serl40Giu + Alal64His 


Thr217Asp 
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Ile220Asp 

Arg 64Asp SerlOlAsp + Tyr:G4Leu * Iiei07Giii + 
Ile220Asn 

Arg 64Giu - Val BSMet Giv:3cSer - Serl90Giu 
Iie213Asp 

Giyi35Glu - Glvl60Pro + Leu209Gln * Ile220Leu + 
Thr223GIu 

Asp 65Giu -r Val 95Gln + Serl7QGiu + Phel92Met + 
Gly214Giu 

GiylOOAsr. + 3erl90Asp + Ser207Asp Leu209Ser -t- 
Ser216Glu 

Val 95Gly + Argi67Asp + Serl90Asp + SerHOTGlu + 
IIe220Asn 

Asn tt7Glu ^ SerlOlGlu -f Leul33Ser + Asnl63AsD + 
Thr223Ser 

Asn 67Glu * Asn 99Ser -i- SerlQlGIu Tyrl04AIa ■^ 
Ser207Giu 

Glyl34Asn * S«rI38Asp + Arg218Asp * Ile220His - 
Ser22:Glu 

Giy 66Gin + Val 95Pro + Serl3SGlu + Arg218G]u + 
Ser221Asp 

Asn 67Asp Thr 71Ser * G.lyl35Giu AsnlSlAsp + 
Aial64His 

Asp €5Glu *• GXy 66Pro + Serl91Glu - Ile213Ser + 
Ser221Glu 

Giy 70Pro Giyl34Pro + SerI91Asio ^ Ser216Asp + 
Ser221Asp 

GiyiOOGIu + TyrlU4Glu Asni63Gln + Ile213Fro + 
IIe220Ser 

GIyl3^Giu Giyl36Pro ^ Asnl62Gln + 5er216Asp * 
Thr223Asp 

Thr 71 Asn » SerlOSAsp + Leu209Met * Ser219AsD + 
Giy222Giu 

Giy €6Asn -i- Glyl02Asn Tyrl69Asp + Ser2I6A5p + 
Ser2a9Asp 

Glyl36Pro + AsnieiGlu - Ser216Gi-a ■(■ Ser213Giu + 
Iie220Ser 

Seri40Glu + Iie208Mst + Ser216Giu + Ser219Giu + 
rie220Asn 

Giyl&OAsp * Thr206Gin + Gly2l4Ser + Ser2i6Glu + 
Ser219Glu 

Asn 99Ser + Seri90Glu + Ser216Giu + Ser219Giu ■*■ 
Iie220His 

5erl39Asp + Thr20€Gin -s- Ser216Gia + Ser219Aso + 
Gly222Asn 

Giyl02Asn + SerI90Asp + Ser216Glu f- Ser2X9Asp 
Gly222Gin 

GliilOaSer f- Asnl63Asp + Trp212Mec Ser216Asp + 
Ser219Asp 

Thr 71Giy + Glyl36Glu * Asni94Gln + Ser2i6AsD 
Ser219Glu 

Asp 97Giu * Leu209Met * Ser215GXu + Ser2i9As)D + 
Ile22QVai 


PCT/US96/03a»5 


Asr. 33Gin * AspittGlu * Leu209Met +• Ser216Glu + 

ThrlOGGlii * AsnloBGir. - :-,;209Mst 3er2:6AsD + 

Leu 96Gln - Asnl61Glr. -^^ Tyri69As!D ~ Ser216Asc + 
Ser219Glii 

Leu 96Met * Asnl6iAsp * Giy203GiR Ser216Asp + 
S£r219Gli} 

Asn 99Glu + Thr206Ser Sei^O^Giu - Leu2C'9Va,l + 

Ser207Glu t Leu209Met * SesrSl^Asp - Ile220Leu + 
Th5;22 3Asp 

Vai 95Aia * Gly2I4Asn -r Ser216Asp * Ile220Asp * 
Glv222Pro 

SerlDIAsp ^ Tyrl04Gin - GlylSSAsn + GlyloOGlu + 
Sc;ri90Asp 

Giy 70Asp * Giyl35Glu - Arglo^Asp + Asnl&SGln + 
Ile220Gln 

Asp eZGlu r Leu 96Met. + Glyl36Giu Asnl62Asp + 
Leu209Aia 

Val 95Asp Asn 99Giu + Asnl94Ser + GIy214Pro 
Thr22 3Asp 

Glyl36Giu -i- Alal64Ser + AsplgSGiu + Tyrl69Pra + 

Arg 64GIU * GiylBSAsn ■;• Asni62Gln + SeriSlAsp + 
Gly214Asp 

Arg 54Asp + AsnI62Gin t Thr206Gln + Ser207GIu + 

Giy214GIu 

Leu 96Ala * GinlCSSer - Asni62Glu - ArglolAsp + 

AsnloISer + AsnI€2Gl'.: * ArgI67GXu Thr206>?ro 

Aiaic^His * AspiSSGiu ■•■ Tyr'l69Pro * Ser:70Asp ■^■ 
Gly2I5Glu 

Va: 95Ala ■^ GInl03Giu + S&v.':?,SA3p ~ GlyieOAsn - 
Ser2I9Asp 

Iiei07Glu + Leul33Asri + Serl38Asp * Aial64Giy + 
Ser 191GIU 

IielG7Giu -4- Leul33Ser + hsrAS3Gl\i ^ Argl67GlU 




Leu2 0 9His 




SerlGlGlu 


Leu209Asp Gly215Gin 


Iie220Asn 








Serl 39Asp 


Asni62Glr/- Tyrl69Gln 


Leu209Asp 




Glv222A5p 




ThrlG6Glu 


Glyl36Ser'+ Serl70Glu 


Asnl94Glu 

+ 



Thr206Gln 




Tyrl04Aia 


Leul33Asr. - Asnl52Asp 


Ser207Asp 



Thr217Asp 




Tyri63Cys 


SerlSiGlu - Ser207Glu 


Ser216Asp 

+ 


Gly222Gln 




Val 95Gln 


Tyrl04Leu + Tyrl37Glu 

4- 

Seri91Giu 




Ser207GIu 




Gly 6 6 Asp 


GlylOOAsn SerXOlGlu 


Serl39GliJ 
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Tyrl69Gin 

Giy 66Glu ■*■ Val 95Ser * SerlOlGiu Asnl63Ser 
Seri91Asp 

Arg 64Giu ■» Val 95Ala + Asn 99Glu 4 Aial64Glu - 
Gly2I-?Ser 

Arg 64Glu Asn 99Asp + Serl05Asp + GiyX60Pro * 
Leu209Gly 

Asn €lAsp * Vai 95Asp + Glvl02Pro + Ser207Glu 
Giy214Ser 

SerlOlAsp Serl05Asp Asril62Giu +■ Tvrl69Gin + 
Iie220Ser 

Serl39Asp + Glyl603er + Ala.l66?hr -s- ?hel92Giu - 
Ser207Asp 

Vai 95GIy + Glyl36Pro + Asnl61Glu Argl67Asp + 
Ser207Asp 

Asp eSGlu - SeriOlGlu + GiyI02Asn - Lsul33Thr 
Serl?OAsp 

Glyl3€Gin Asnl61Asp Argl67Asp -i- Asr;194Ser + 
Sar216Giu 

Glyl35Asp - Aial64Asp + Ser216Glu + Ile220Leu + 
Gly222Asn 

Asp 97Giu ^ Asn 99Gln + GlnX03Asn + SerlOSGlu + 
Aial66Ser 

Asn 99Gln + Asnl63Giu + Ils2213Leu + Iie220Kis + 
Ser221Asp 

Glyi35Glu + Aspl65Glu ^ Phel92Gin * Ser207Giu 
Gly215Ser 

Asn,162Asp + Serl70Glu -^ Asnl94Ser * Leu209Gln 
Sex219Giu 

GlylOOAsp ^ ThrlOoAsp * Alal64GXu - PhelSSThr + 
Asn 19^ Gin 

SeriOSGlu * Asnl62Giu - Leu209His - Ser221Giu + 
Giy222Gin 

Gly 68Asn + GIyI3SGlu - Glyl60Gln + Ser216Glu 
Ile220Asp 

Asp 97G1U -i- Alal64Gly * Leu209Met + Ser216Asp + 
Iie220Giu 

Gly 68Asp + TyrI37Asp Asnl94Gln + L6u2C9Cys + 
3er221Asp 

Ilel07Asp + GIyI36Gln - Serl39Asp + Ser2X6Asp 4 
Ile220Thr 

GlvlOOPro * SerlOlGiu ^ Glyi36Glu + SerlSlAsp + 
Phel92Aia 

Glv 70G1U * GlylSOPro ^ Alal64Thr + Serl70Glu + 
Ser2I6Glu . 

Arg 64Asp + 7yrl04His * Aspl65Giu + Leu209Gln + 
Thr223Giu 

Leul33Ala SerlSSAsp Leu209Cys + Xhr217Glu + 
Ser221Asp 

Ssrl40Giu ~ Giy203Asn - Thr217Giu +■ Iie220Het + 
3er221Asp 

Asp 97Glu - ThrlO€Asn + Giyl34Glu + Aspl65Glu + 
Thr21iGln 


3lylQ2Pro + 5erl40Asp Asnl9^AsD -r GlY215?ro + 
Ser221Aj5p 

Argl67Asp Leu209Asn + Ser219Asp + Iie220Val ^ 
Thr223Giu 

Gly coAsp 51yl02Asp + Giyl36Ser + SerHOAsp + 
Phe-i92Le\j 


TABLE 36 


Multi-loop Sextuple M utation Variants 

Leu209Tftr + Iie22uPro 
Lb.-^ii^j * Acn^ ^_CI - Asrlo3Glr ■* Le»-2Q9Mot + 

Ile22^^i.eu + Thr22Juiy 
C. - Iyr.o9nIc< - Tnr211Pro » Ser216Asp + 

Iie220Ket + Gi.Y222GXn 
G.„.j^G„. + Giy:C3Gi^ - * - 2u n i + 

Giy2l5rro + Iie220Met 
G_^-OOSer + Gi>135Asn - A*al64Tnr ■»- Giy214Gij - 

Tnr^i7Giri iie22uLeu 
ThriOoSer ■<■ Thr206Pro * Iie208Cys + Leu209Ser + 

bei'Zithsv ii.e22uSer 
Gly b8A3- * L&o «oF^r Gl.'102A3n ^ LeuIO^Cys 

Trp212Aia - Iie220VaI 
2. "^OPrc - V, O'iGl'^ - G:y:C2Gi5i ai>i..c2Asp * 

UiWi4'jin + Ii.e220his 
As >■ 2.- - . ?6Vel - Leu:33Ala ^ Ala:6-3T^r ^ 

Leu2u9Aia + Ser2I9Asp 
'ji%lCJAsn - Le-133A5p - Asi.-^^^- - hr2^<^^^v * 

iie2i^*L.eu + Giy222Gln 
Le-. seAs- + OOCI-^ Tnr*G6A3n + Serl^GG^u • 

Tvr\;t}9nis + Iie22UAsn 

~"'^r -r A^- 99Ser Giyl35Gln + T^rlf^^^.y * 

Tijr2ub5er + Ser216Asp 
SerxOlG... + Glyl02Gli. Tyriey^lf- - T :2"oAsr ~ 

Leu209Ile + IIe220Gin 
\'a* ')5A-.a as"i68G-ri - GIy214Asp + Glv215Giu * 

SerzitoGiu Iie220Fro 
Leu 96Pro + ThriU6Glv + lielOTGin + AsnlfciGiu + 

Phel92G.lu + Leu209Gly 
Abrl94SKi. + Ph=;202Gli- - Ser20'""i . A g?i:clu * 

Ser219Asp + Iie220Asp 
Asp oSGlu +- Asp 9?G,iu - Asp 98Giu + AsnioSSer ♦ 

Tyrl69Thr Tnr211Ser 
Ai-r ^ Gi» + G^v2-5ocr - ber219Glu + Iie220Pro - 

G_ s A ^Acn -f- .jX 1 '-er * T'i.I63Iie - rhi_ot2l + 

::>erZit.Gi.u + Arq2i«Asp 
Ac '"^Z^^ * CI' ■'itor^u T,e. }CPrc + Asr 9i^3«r - 

Asnl62Gin + Phel92Pro 
As' £"ArD ^ Gly fSGir Giv 70Aip - Leu' 33\'al + 

Leu209Gly Thr2i7Asn 
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Giy c-8Ser + LeuI33Glu 4- GlylBSAsp + Serl70Glu - 

Ile213Asn IIe220Ser 
Vai 95ASP -r Asp 97g1u + GlylOOAsc Glyl35GIn + 

Leu209Gin + Thr22 3Ser 
leu 96Cys + Glyi34Asp + GiylSOGiu Asnl€lGlu + 

Asni€2Glu + Leu209?ro 
Asp 65Gla + Leu 96Glu * Asp 97Glu + Asn 99A5I3 + 

Ile220Se.r + Giy222Pro 
Val 95PrG Leu2Cf9Ser - Ser219Glu Ile220Giy + 

Ser£2IGlu + Gly222Asp 
Gly 66Asn - Asp 98G1U -^^ SerlGlAsp Tyrl04Cys + 

Asra9^1Gin Ile220Asn 
IIeI07Tr.r + Tyrl37His E*he202Leu + Ser216Glu + 

Arg2;3Asp -i- Ser219Giu 
Giyl34?ro + ?yrl37Pro * Ser207Giu - Leu209Cvs + 

Ssr2 2 9Asp * GIy222Glu 
Leul33?hr Asiil63Ssr + 3er2D7Asp + Iie213Met + 

Arg21SAsp + Ser221Asp 
Arg 64A3P + Asp 98Giu + Thrl06Ser 4 GIvl60Asn + 

Iie213Pro + Iie220Asn 
Gly 70Glri + Leu 96Asn ^ Tyrl69Met + Thr206Giu + 

Leu209Cys + Thr223Asp 
Gly 68Pro f Alal64G.lu ^ Arql67Giu Pro2G4Asn * 

?hr206GXii Ile220Ser 
Asn 995er +■ Glyl35Asp ^ Tyrl37!;-iet ^ Serl38Giu + 

Asnl66Asp -^ Thr211?lsn 
Giy 6SP:o ^ TyrlO^Giu + SerlSSGlu + Thr217Ser + 

Ile220Gln + Thr223Prc 
Giy 6eSer Asnl63Gin * "hilC^^Asp ^ :.eu2 0 9G1 v + 

Ser2i9Asp + IIe220Met 
Gly 63Asp + ThrlOcPro + Thr2a6Gly + Leu209Glu + 

Ser219Giu Ile220Asp 
Tyri37Leu ■*- Tyri69Cys Phel92Asn + Ser207Asp -5- 

Aj;g2i8Glu + Iie220Leu 
G.y 68Asn + Val 95Glu + GiyiOOGlu Leul33Cys * 

Glyl34Pro + 7hr217Ser 
Giy 68Asp + GiyiOOGln + Thr206Pro - Ser219Giu -r 

Ile220Glu + Ser22lGIu 
Tvrl37Asn + Alal646in + Ser207Glu + Leu209Glu + 

Arg21SAsp - Gly222Glu 
GiylSSPro - Serl9iAsp * Asnl94Gin ^ Thr206Glu - 

Ser207Giu - Ser219Glu 
Vai 95Asp SerUoAsp ^ GlylSOAsn ^ Leu209Gly - 

Gly215Pro - Iie220Ala 
Gly 68Asp ^ GlylOOSer + Glyl34Asrs + 3er207Glu i- 

Ser219Glu + Ser221Giu 
Asn 67Gln ^ GlnlQ3Ser + Thr206Glu + Leu209Glu 

Ser216Giu + Ser219Asp 
Tvrl04Ile + Thr206Giu + Ser216AsD * Arg218Asp 

Ser219Giu + Thr223Ser 
Giy 68Gln + Vai 95Pro t Leul33Ala + Asni62Gln + 

3erl90Glu + Ser207Asp 
AsnI63Ser + Thr206Asp + Ser207Glu * Leu209Ser + 
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^- 






- '„ 2 

Z- " 

^Uc^i 





* i-bSr^cioAsD 







Thr2G6Asn 


5er20'?Gl J 









^/.sr * 

li^r:' OAst. 


t'nul^2 IS 

* 








Asp '^''Glu + 

ber i GlAso 




-^-^'-^ 








Leu209Thr 

+ 

Ser216Asp 


Se>-2iQGiu 

* Iie220Leu 





... Ci i ' 



+• 

AsT-t^G^v^ 











+ 

Giy214GIu 

+ 

oerliC7\s J 

+ SeriiyGlu 







: 'rl37Glii 


5erl38Asp 



ijeu2u9ile 






?nei9zMec + 

2er2''"C_L 





+ Thr223Pro 






Asnl6SAsp + 



?he*92Asr 


SerJv ''Asp 

- .lt,2 -Vr 





V=. 95:;er 

Giyl02Ser - 



Leu209Ser 


?eri: 1 t~j.u 

+ Ser219AsD 






-i. - >G r - 



Ssr219Asp 

4- 

1 1 e 2 2 V Vet i 

^ '^.i'^'A-:'^ 






Asp 9bGi,u 


+ 

■^Pr-' 


Asnl€2Giu 

-^"t^r. 





Val 95?ro + 




Ser207Asp 

* 


+ iie22uAsv 









lew2 '^*tPr 



•i- Ser^i.i*Asp 





Z^'" ' rrr 


':r_>:CAsp 


/isnl v2Gl-> 

* 







-"Iv 6^C1'. + 


A:;nl62Ser 


SeriSlAsp 

+ 

Ser20'?Asp 






G:yl02Ser ^ 

Ci V 1 jt'Asi, 

Thr206Glu 



+ 


+ Go.>"22Psc 







Ser207Giu 


Leu209Gln 


'-r 6A^c 







^?Gi% 

Givl36Asp 

4 

Arg21bAsp 

4- 








3ij : ^"C: 1 * 

1 yl35Asp 


inr2il5er 



'ie22C\c' 





GlvlOOGin + 


-^rli^Giu 


Serl91Glu 

+ 









„=^209Thr 

+ 

ser2l6Glu 

+ 

'\rQ_16Asr 







Leu2U 9Gir. + 

Dej:2l6Asp 

+ 

Arg218Asp 


:e 21 „ 

+ Ile22UAla 







Asr.l63Gin 


2er21t>Ciu 



i'i:cA^^> - ' ■:3Thi + 

:hi;2:"Gjivi ^er219A'3p 


Asp 98Giu +• Asn 99Asp ^ Glvl02Asp + ThriObSer + 

IIel07Gln + Serl38Asp 
Asn 67ASP + Gly 70Giu ^ SerX70Asp Phel92PrG * 

Leu209Thr + Ile213Giu 
Gir.i03Asp - Glyl34Asn + Asnl62Giu ^ Phel92Giu + 

Ile220Leu Gly222Asp 
Asp 65G1U Asp 97GIu + GlylOOAsp * Tyrl69Met. + 

SerlSlGiu ^ Iie220Cys 
Asn rS^Asp * Asp 98Giu - Ai3i64Pro -r Ile208Thr * 

L.eu205Ser Il6220Asp 
GIyl36Asn SeriSlAsp * Thr206Pro + Arg218Asp 

£er2i9Asp + Gly222Asp 
Asp SSGiu + Glyl36Asp Ssrl38Glu + Seri40Asp + 

Gly203Gln - Ile220Met 
Leul33Ile + G.l.yl34Pro + Glyl35Prc + Asnl62Giu + 

Argi67Giu + Ile213Vai 
GlylOZAsn + Serl40Asp 4 Asnl6lGiu * Asnl62Asp ^ 

Seri90GIu + GIv2 05Asn 
.-er„39Gia ■* ulv.o' Glu + Thr206Pro * 

Ser2-:Gli.' v.. : 
Gly ee^sp - ^< .„«107Gly + AsnI94Gin + 

«^ei5r"Asp - . 

Tvx-.04Gly + 6iyl3f"£: - '"~^SD + Serl90Glu + 

Asnl'54Asp + Gl', ''"'2 r>- 
G^v e&Asp + I^el' "iisp + Giy:35Asn + Gly215Giu + 

S^- IfGiu ^ :ie220Gl:^ 
^eri'ti^iu * -er^CAsp f ^eu209Met + Giy215Pro 

"^--rZ "G: «■ SPr- 9G1„ 
""^r '■"Go.u f Givlf^CGiu + b^nlC3Aso AsnlSlGIn + 

- ^.92H.« * rie22CSer 
...^ o^Gi-- * Seil'^^jAsp + S«i:39G-i Aial64Giy + 

kL-'9^:^^^ * f"<^:i2Gl' 
As-- "^<^G^a •^ .--r- 't.G„n ^ G.y2i<tGXn +- Gly2i5Asn + 

58r^i:;^jftsp + Iie220Giu 
G^> tcPro - Asnl63G^u + - - 1 '4G1'^ + Phel92His 

Ser2i9Asp l.l.e220AsD 
G^/T.OG.n + T/rl04!r'ro * -yrlS-His Aral67Asp + 

a<^B«bp - Ser2'>''A.5p 
Asr r - C_ ^''^^er + AsnlolAsp + AsRi62Asp * 

Leu209Asn - 5sr21bGlu 
v^^w '■j^rf + crK^C^u - P.srl-»G^"i ^ Leu209Met 

Iie2j.3Ser + Ser2i9Asp 
Val 95H1S + GivlOQGln + Serl39Giu + Serl40Asp 

Ser207Giu + Thr217Ser 
Glilur^cp Gi^xJ^Gln + Serl39Asp + Serl40Asp 

As'^_6lSer + Leu209\-a^ 
Y=;. St^^jS + 'j1,10o<j1.. - nrlObi^sn + Serl39Asp + 

iOr^4( G^u + ui 2_^Sor 
Scr.LoArp 4 .^a-li'SGx" + Ihi206Asp -^^ Ser207Asp + 

eu2'">'^\,ajL * 2iy21S>.er 
.^^s ,^:g„. + P-i- . ^ Fto - T>-p2 '^'a\ * Ser216Asp -i- 

Tftr2.i7Asp + G.ly222Pro 
Va) QSAi,' - Gl-iOiA^- ^ L-v.^'^^Gli * Gly215Asp 
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Ser21£Giu Ser221Asp 
Gly 66Gln + Glyi34Glu Serl70Asp Leu209Thr + 

Iie22 0Asp ♦ G.;.y222Asp 
Gly 6DGln + Thrl06GIu * Iiei07Giu + Asni63Asp + 

Asnl94Giu ?ro204Asn 
Giyl025lu * Glnl03Asp + Phel92Ile * Ser20?GXu + 

Leu2D9Pro * Iie22GAsp 
Arg 64G1U Asp 65Giu -f- Aiai64Asn + S€r2G7Glu 

Leu209His + Ser219Asp 
Arg 64A5P + Asp 65Glu + Glyl35Pro + ?yrl3?Met + 

Ser207Glu + Ser219Asp 
Tyrl04Gly SerlOSGiu + Phel92GIn + Ser207Asp + 

Ser221Asp + Giy222Gln 
SeriOSGlu * Tyri37lie + Alaie-SHis + Thr20oAsn + 

Ser207Glu + Ser221Glu 
Asn 67Gin - Asp 98Giu r AsrJ6XGln Asnl68Ser + 

Ser2D7GIu + IIe220Asp 
Glyi34Ser * Serl39Asp ^ Thr206Asp ^ Ile213Ala ^ 

Arg213Giu + Ser219Asp 
Asp 98G1U * GlylOOGIn Glnl03Asn ^ Giyl34Asp + 

Serl39Glu + Serl70Giu 
Leu 96Gly + Asp 98Giu + Thrl06Asn + Leu209Glu + 

Ser215Asp + Ser2i9Asp 
Gly 70G1U + Asp 97GIU -f Asn 9PGiu + Glyl35Ser +^ 

Asnl94Glu + Leu209Thr 
Thrl06Glv + Arg].67Giu + Ser207Glu + Giy214Gin + 

Giy2I5Pro Sex219Giu 
Aial64GIu + Thr206Gly + Ser207Asp + Leu209His * 

Ser2i9Asp + Ile220Gln 
Givieoser -f AsRi62Gln 4 s&tllOQlu ^ Thr206Pro + 

Ser207Asp + Ser2I9Asp 
Tyrl04Cys + Asnl62Gln + Tyrl69Asp + Ser207GIu + 

Leu20*9Ala + Ser219Asp 
Asn 67Gln AspieSGlu + 5er207Glu + Leu209Vsi + 

Ser2i9Asp + Ile220Ala 
Gly 66Giu + Thrl06Gln + Ph6l92Asp + Asnl94Ser 

Thr206Glu + Ser207Asp 
Giyl34Asp + Alal64Ser + Ser:70Asp + Ser207Asp + 

Xle20SMet Ser219Asp 
Gly 66Gln + Glyl02Asn ■!■ Glyl36Asp + Serl39Giu + 

AsnieSAsp + Ser21SA3p 
Asp 97Glu -t- Asn 99Asp + thr206Asn + Ser207Asp + 

Ser219Asp 4 lle220Met 
Ilel07Val + Asn I 62 Asp ^ Serl91Asp + Ser207Asp + 

Ser219Giu + Giy222P3:o 
Gly 66Ser + Asn 67GXu * Serl38Asp + Serl40Giu + 

Leu209Cys + Iie213Als 
Gly 70Ser + Asp 98GIu - GiyiOOAsp - Asnl62Gin + 

Ser207Giu + Ser219Glu 
Asp 97Glu + Asn 99Glu ^ Tyri04Gly ^ Thr206Glu 

Leu209Ala + Thr217Gin 
Arg 64Giu ^ Gly 66Giu + Asnl62Asp + fyrl69S€r + 

Leu209His + Gly214GIu 
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Gly 70Gin - Leul33Asp ■* GlyX36Glu + Asnl94Asp + 

ne213Cys ^ Gly222Asp 
Gly 70Gln * Glnl03Asp + SerlOSGiu + ThrlOoPro + 

Ser219Asp Iie220Ser 
Glnl03Giu ^ SerlOSGiu + Asni€2Gin + Gly205Pro * 

Trp212Asn + Arg218Glu 
Asp ^''Giu + Asn 99Gin + GIyl36Asp + GiyI60Ser 

Serl70Asp + Leu209Met 
SerlOSGiu + ilelOTGlu Ser207Glu + IIe2i3Thr + 

GIy215Ser ^ :ie220Asn 
Serl90Asp Fhel92lle + Ser216Giii Ser219Glu * 

Xle220Glu f G.ly222Ser 
Asp 65Giu - GIyl02Gin + Ser207Asp + Ile213Asp + 

Ser216GIu * Ile220Asn 
Ginl03Asp + Leu:33Asn ?hel92ASD + IIe213Val + 

lle220Asp Ser22iAsp 
Leu 96Cys + Iiel07Giy + Asni€2Asp + Asn.l94Asp + 

Ser2I6Asp + IIe22{>His 
SeriOlAsp + SerlOSGiu + ThrlOoAsn + Serl38Asp + 

Serl70Giu + Leu209Ser 
Giy 70Ssr + TyrieSVal + Phel92Asp Ser216Glu + 

Ser2l9Glu * Iie220Asp 
GiyI3i.Gin + AsrasiAsp + Asn:63Gin ArglS7Asp + 

A5nl94Ga.u - Ser216Glu 
As» 97Giu + AsD 98Glu Asni61Giu + A.ial64Asn + 

Iie213A-la - Thr217Gly 
Iiel07Cvs + Argl67Asp + Asnl68Giu * Ser207Giu - 

Ile22"0Thr * Gly222Glu 
Argl57Asp + Tyrl69Kis + Serl70Glu Leu209Vai * 

S9r219Asp * Ile220Glu 
Giv 70Gin + Phel92Asp + Ser216Glu * Ara218Glu - 

Xle220Val + Gly222Glu 
Arg 64Asp * Gly 70Asn -t- Phel92Ala + Ser207Asp * 

Leu209Giu + Thr223Gly 
Gly 68Asn + Asp 98Glu + Ser207Asp Leu209Asp + 

Ile220Asn + Thr223Gln 
GiylOOGIn * Leul33Ile + Aspl65Glu + AialD6Hl3 4 

Tyrl69Asp + Serl91Glu 
Asnl63Asp -f- SerlSIAsp + Thr206Gly + Leu209Asp t 

Thr211Asn + Ile220Giu 
Asn 99Gln + Glyl60Glu + 7yrl69Val + Seri91Asp + 

Ser216A5p + Gly222Asp 
Asn €7Glu + Asp 37Glu + SerlOSAsp + AlalS'JThr + 

Thr206Ser + Iie220Vai 
Arq 64Asp + Gly 7GGIu + Vai 95Thr + Asp 97Glu + 

AsnI62'Asp + 'Thr223Gln 
Leu 96Ser + Gira03Glu SerlOSGiu + Glyl34Asp + 

Asnl94Ser + Ser2i9Asp 
GlylOOGln + Leul33Gin + Alal64Gln + Argl67Glu 

Ser219Asp + Ser221Glu 
Val 95Gln Tyri37Asn + Serl40Giu + Pro204Asn 

Ser2i9Asp + Ser221Asp 
Giyl34Ser SerlSOGlu + Ser207Glu + Leu209Gln * 
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ThrSl'Giu -i- Ile220Ris 
g:\ "^CSer ^ Glv::<4?er + Asr.:623er - S«rl70Asp -r 

Ser216Gli! + arcj2I8Asp 
Asp 5'?Giu + Tyrl3"'Thr + Tyrl69Gln * 3fer2163iu + 

Arg218Glu - Giy222Gln 
Asr. ' '\::u * g:v 70G1u »■ Asn 99Gln + Tyrl04Ket + 

oivl'ic.Asr: - Alaie.'JAsn 
A?t, ^'-Gla •■ G.v i^hso + Civ 70Gin ^ Serl9:Gi'.} - 

Tle2i35er - ne220Glu 
ThrlOcGly + Asn:i62Glu + Gly215Giu ^ Thr217A5p ^ 

Se.c219Giu - Iie220As.n 
Arg e4Aif:- - Asp o^Glu ~ Ile208Gln + Leu209Asp + 

Ser216Asp ^ Iie220Val 
SerlUlGlu ■^ :.,ou:33Gj.u + Thi2DtAsn Ser207Giu - 

Thr217Asn + Ser219Asp 
Tyrl04Giu + SerlJBGlu -t- Asr.:fc2GIu - A3ni94Giu + 

' Thr211Ser + Trp2l2Ser 
AsD 9SG.:v; - Asn 99G:n + Glyl02Glu ^ 3erl90Glu - 

Serl9IGiu * Xle220PrG 
Va: 9;-Asp * Glyl34Gin * Tyrlt-SPi- - Phe:92Asr. * 

Ser221Giu Thr223Aso 
Asn 67Giu + Leu 96Giu + Giyl60Ser + AsnX62Ssr + 

Thr205Giv + 7hr2i7Asp 
Glv 68ASP -t Vai 9iiGlu * Asn 99Glu + TyrI69AIa + 

Gly215Asp + Thr2.17Ser 
Vai 953ei - GiynSSex- + AsnloiAsp + :Ie?13Asp ^ 

Ser216Asp + Ser219Asp 
Arg 64G1U + Asp 98GiU * GlyUcSer GlyioOGiri - 

Leu209Asp ^ Iie220Asp 
ASD ciGli: Giy ooSer - Asr.i94G:n * Ser:C~Asp * 

Ser2:'iAsp - Ser219Asp 
A.?ri 9'^?er + S^riOlAsp - Tyr:i04Asp - G.y:34Ser - 

3.ii2 37AsD + r]e220Asp 
Arg 64Glu - A-p 9RG:u - :i^l07Asn - Thr205Ser + 

Ser2i9Asp + Ser221Giu 
Vai 95Pro - Alal64Asp Aspl65Glu + Serl70Asp + 

Iie2l3ASD + Iie220Val 
Giyi3 5Ser - Asni6lGln - Asn 162 Asp * Tyrl69Asp + 

Giy215Gln + Ser22iGiu 
?yrl37His + SerlsOAsp * AsnlSlGin + Serl70Asp + 

Ser207Asp - Leu209Asp 
Leu 96lle + Serl3SGia AiaI64His + Asnl94Asp + 

Thr20&Aso - Gly222Glu 
Asnl6iGiu + Ser207Asp - Gly2i4Asn + Ser2i6Asp + 

Arg2r8GiU + Gly222Gin 
Leu 96Asn -( £eri70Asp + Iie208A3n + Giy215Giu + 

Arg218Glu + Ser219Asp 
G:y:34Asp + 3srl39Asp + 3erl40Glu ^ Thr206Asp 

'lle213Met + Thr223Asn 
Asp SSGlu - Aspl65Glu ^ Phel92Prc - Leu209Gly + 

'g1v215GIu - Ser216Asp 
Asn 99ASP * SerlGiGlu ^ Iiel07Glu + Serl91Giu + 

Asra94Gin + Iie220Leu 
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Asp 65G1U * Serl9CGlu Asnl94Gln + Ser207Giu + 

Gly2X5Pro + S6r219Glu 
Glyl34Asn + SerI38Glu + Serl39Glu + Ser216Glu + 

3er2l9Asp + Ile220Pro 
?yri37Cys + Alal64Thr - SerlSOGIu * Ile208His * 

Ser216Giu - G.l.y222Giij 
Aspl65Glu + 3er207Asp + Ser2i6Giu + Ar0218Asrj * 

Ile220?ro t- Gly222Pro 
Val 95Met - Serl39Giu + Serl^iOAsp + AIai64Asn * 

Ser2l6Asp + S6r219Asp 
Val 95Gly + Glyl02Ser * Serl05Asp + Serl38Glu - 

Asnl63Giu + Aial64Giu 
Asp 65G1U + Val 95Gly + Asp 97Glu + Glyi60Ser + 

Aspl65Giu + Ile220Ser 
Thr ^iGln + SerlOlAsp + ?hrl06Glu + Tyrl69Pro + 

Ser207Glu + Ser219Asp 
Tyrl37Iie AsplSSGiu Tyrl69Cys - Giy214Asp - 

Arg2i8Glu + 3er219Asp 
Asn 99Ser ^- Aiai64Asp + Serl70Asp AsnI94Giu -^ 

Thr20€Gln + Ser216Asp 
Asp 65G1U ^ Giyl34Asp + Glyl60Asn •^ Asnl61Glu + 

Asnl68Asp + Ile22GAsn 
Asp 65G1U - Phel92Ser + Ser2i6Giu - Ser219Glu + 

Ile220K€t ^ Ser221GIu 
Gly 68Asn - LeuKOGIn - Asni6.3Asp + Ser207Glu + 

Ser216Giu ^- Ser219Asp 
Glyl35Glu ^ Ser2G7Giu Ser216Asp + Thr217Asn + 

Ser2.1.9GIij + Ile220?ro 
Gly 68A?..r - .ki--1^3Glu Ssj:207Asp S«r216Glu + 

Sei219G;.'.: - I.ie22CAsn 
GiylOlGiu - TyriS^cys + Thr206Ser + Ser207Glu * 

Ser2.16A.sp + Ser219Asp 
L6u:33Ser - Argl6',?Giu - Serl70Asp f Serl91Asp + 

Thr206Asp + Leu209His 
Gly 66GIn - Glyl36Giu - Serl38Glu + Thr20gGln t 

Arg213Glu + 3er221A<5p 
Asn 67G1U Serl39Asp ^ Ile208Val + Leu203Ser 

Ser216Asp + Thr2I7Asp 
Ar:: 64Aj;p - Vai 95His - Giyl34Giu + Serl33Giu + 

Arqi67Glu + Leu20 9Cys 
Arg 64Asp + Pnel92V2i * Tnr2U6A5p * Leu209Ala + 

Ser219Giu Giy222Ser 
Leu 96Ala + Serl40A2p - Phe202Gin + Thr2G6Asp + 

Leu209Ala + Ser2r5Glu 
Leu 9oIle + Glyl02Pro + Glyl34Asp + Thr206Asp + 

Leu2Q9Ala -s- Ser213Asp 
Glv:02Glu + SerlOSAsp + Ilel07Cys + Serl40Asp -f 

Asn..l94Asp + rie22CAia 
GlylGOGIu Seri05Asp + Tyrl37?ro + Serl4QGlu + 

GIy203Asn t GIy222Pro 
ThrldSAsn - Ad5ni62GIu + Asni68Asp + Ser21SGiu + 

Arg218Asp + J.le220Asn 
Asp 9aGiu -t- Leul33Gly -^ Giyl36Asp + Serl40Glu + 
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tI4 












Se A«o 



-p'-'^VoA'^'*::; 






Al Si. 64 Asp 













Ph6l92Asn 


GIy2i5Gi,\* 



+ Ser221Giu 






;le_0 As- - 

5erl40Glu 



+ 


-r Leu?09Thr 







Asril62Asp 


TM206Giu 


r.ei2f "Asp 

+ Thr217Asp 






Asn:94Asp * 

Ser207Rsp 


Ile213Val 


--erCioAsD 

- r;,r21-Asp 





Le . 1 _ e • 

Al^'lt'lGin 

AsploSGlu 











Ii?107Ala ^ 

Gl vl&OAsn 


Pnell2Va: 


?!er207Giu 

* Arg21SGiu 





Gl/lOTGi:. - 

Tyrl04Asp 

Glyi34Asp 


Alal 645e£ 



* ^er2i6A-sp 





AraI67Giu + 

Leu209Thr 

Ser 2 1 6Gi u 


Se:.119Glu 



+ Giy222Asn 





Giy 68Asn ■*- 

Asp 98Glu + 

Leu209Gly 


Ser2 1 6AsD 

4 

Ser219Asp 

+ Ser221Giu 





Aso »>5}Glu -»■ 

?er?07G.lu + 

Leu203AsD 


Glv215A.'3p 

+ 


^ Thr22 3Asri 






Serl40Glu - 

AsriloSGln 


Serl91Giu 










Gi Vl 60Asp 


Ser219Glu 


Gi v222GlU 

+ ?nr2233£r 






SerlOSGlu ^ 

AsniSlGin 


Ser207Glu 


Z^eC13Asn 

■ Ser221Giu 





Glr,lC35er -f- 

Glyi35A5p + 

3erl90Glu 


Thr205Ser 


j-ot-" 1 9Giu 

'lie220Giu 





hup 6 5Glu * 

Gly3-00Asp + 
■r Ile220Hxs 

SerlOSAsp 


Serl4CGiu 


Pnel9rThr 





Asp 65Giu + 

SerlOlGIu 

Al&3.54Thr 


Ile215Glu 

+ 

Thr2 1 "^Ksn 

* Ser219Glu 





Serl0 5Asp + 

Giyi34Asp + 

Asnl 68Ser 


Seri91A.sp 


Pnel92GXu 






Leu 95AsD + 

^ ' eV'"~''^"As"p'^-^'^ 

Giy214S€r 


Ssr216Giu 

+ 

Ser219Giu 

+ Ile220Val 





Asnl62Gln 

AspIeSGlu + 

Ar£j218Asp 

■f 

Ser219Glu 

+ 

I le220Thr 

+ Thr223Asp 





Thr 7iGlV 

AsniolAsp + 

Asni 68Asp 

+ 

S6r207Glu 


Leu209Asp 

+" Thr223Gin 





Asp 65G1U + 

Asp 93Giu + 

Leul33Ser 


Aspl65Glu 


Leu:09Met 

+ Gly215Giu 






Asr- 99Glu ' 


+■ 

Aiai66Asn 


As:.1=j4GI j 

■> Il>^220Cys 





Asr; 9?3ei + 



+ 

Aspl65Giu 


Ph82 02Cy? 






Vai. 95Ei:u * 

LGul33Thr + 

Giy }- 3 6Giu 

+ 

Aspl65Giu 


Ser216Asp 

+■ Arg218Giu 
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LeuI3jprc ~ GlylcAhsn -i- hsnlB^.Asp Thr20€Giu + 

Giy2I4Giu Ser221Asp 
Gly "OAsp ^- Asp 97GIu Tyrl04Asn Pro204Gly + 

Lea209A3p + Ser216Glu 
GInl03A.sp + GiylSSAsp + Serl40Asp + Asni68GIn + 

Gly214Asp + Ile220Leu 
Asp 65G1U ^ Thr 7iser + Asn 99Giu 5erl38Asp + 

Phel32Tyr + Leu209Gly 
TyrlO-SVal + IleI07Giu + Thr206Asp + Ser216ASD f 

Ser219Giu + Tie220Leu 
Leu:i,33Ala + Argi67Glu Leu209Gin + Ser216Glu + 

Tnr2I7Giu + Ser22XGlu 
Asn + Asp 98Glu + ■Tyrl37Ala ■>- Aspi65Glu -s- 

?hr20ePro + Ile220Asp 
SerlOlGlu -s- Ii£i07Asp + AsnieiGiu - AsplfcSGlu 

:ie220?hr * Thr223Gln 
Tyri04Asp + Thrl06Asn + Tyrl37Glu * GlylSOGli; * 

Asnl62Asp + Giy215Ser 
Asn 67Asp + Asp 97Giu -»• TyrKf4Thr * Leul33Asp + 

Aial64GIu + IIe220Ala 
Asp 97Giu + Asn 99Ser + Seri05Asp * Thr206A3p + 

Ser207GIu Trp212Thr 
Asn 67GIn * TyrlO^Iie + SerlOSGlu ^ A5nl63GIu + 

ne220Glu -s- Ser221Glu 
Asp 9SGIu + Asn 99Gln +■ I,eul33Asp -r Phel92Giu + 

Asni94Glu + Giy205Pro 
Asn 99Asp + IleI07ser + Tyrl37Ket + AsnieiGl-j * 

AspieSGlu + Il62l3Asn 
Giy 70Asn Gini03Ser + Serl38Giu * AiBl64Asp - 

S£rl70Giu + Ser-2l9Asp 
SerlClGlu * ThrlOSAsn + Glyl3SGl'j - Leu2'J9Ser - 

?hr217Asr * Ssr2!9Giu 
Gly 68Giu + Glyl02Gin + Glyl35Ser * Serl90Asp ^• 

3er20'?Asp Iie220Ala 
Asp cSGlu Vai 95Glu * GlylOOGin *■ SerlOSAsp 

Asnl94Ser * Leu209Glu 
Asp 65Giu + Tyrl3?His Asnl61Glu + Asnl62Asp + 

Tyrl69Thr -^ Ser207Asp 
Asn 67Ser + Glyi34Pro ^ Asnl94Asp + Gly214Asp + 

Arg218Asp * Sa.r221G.lu 
Asp 65Glu + Tyr3.37Asn + ?hr211Pro + Arg21SAsp + 

Ile220Val Ser22IAsp 
Asp 65G1U + GlylOOSer + Tyrl04Ala + Ser207Giu + 

Thr217Asp + Giy222Asp 
Asp 98G1U + Asn 99Gln + Ginl03Giu + Glyl36Ser + 

Leu209Asp Arg218GIu 
Asp 65Giu + Val 95Pro + SerXOIAsp * GlnlOSGlu + 

Asnieeser + S6r219Glu 
Tyrl04Val + Giyl34Pro + Tyrl37AsD ^ Alal64Glu + 

Thr211Sly ■<• Giy215Ser 
SerlOlAsp + Glyl35Pro Serl90Asp ^ Serl9iAsp + 

Ser216Asp Giy222Gin 
Asn 99G1U -t- SerlOlGlu + GlniQ3Ser GlylSOPro * 
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Its 



^ Gly222GlU 





Gly >5«Ser - 

5erl3"8Glu 

Serl39Glu 


GlylSOGlu 

+ 

Asnl€3Ser 

^ Ser219Giu 






SeriOlGlu * 



Seri39Giu 

■r 

AsnicISer 

+ Thr206Asn 





Gly 66Asn 

Giy 68Asp + 

Tyrl04Leu 

+ 

Serl38Asp 


Serl35Asp 

+ S6r207Asp 





Asp 65Glu 

Glrjl03Glu + 

Tyrl37Cys 

+ 

Thr206Asn 

+ 

Ser219GIu 

+ Iie220Giu 





Leu 96Asp + 

Tyri37Asp 

Leu209Thr 


Ile213Gly 

+ 

5er219Asp 

+ Ile220Giu 




Leu 96S.SP * 

Asp 97Giu + 

Seri40Glu 

+ 

?hei92Ala 

+ 

Thr21'7Asp 

■f Gly222PrG 





SerlOlGiu + 

Leul33Cys + 

Argl67A.sp 


Asnl63Glu 

+ 

Leu209AIa 

+ Ser216Giu 





V2I 9SGly + 

Thrioeciu + 

Argl67Asp 


Asnl6BGIu 

+■ 

Seri91Asp 

+ Ile220Val 





Gly 663er + 

Asp 97Glu + 

Tyrl69Thr 


Serl70Asp 

+ 

Thr217Glu 

+ Arg21SAsp 





Arq 6 4 Asp + 

Ilel07His + 

Glyl35Asp 


Glyl36Asp 


IIe213Thr 

+ Ser213Asp 





Asp 97Giu 

Leul33Thr + 

Giyl34Giu 

+ 

Arg21SGiu 

+ 

Ser213Asp 

+ Thr223Ser 





Asp 

Glyi02Ser + 

L2Ul33Met 


Serl3SAsp 


Serl4GAsp 

SerZIoGiu 





Tyrl37Ile + 

Serl39Giu ■^• 

SerHOGlu 


GXyieOGln 

■f 

Leu209Asp 

+ Giy214Asp 





Leu 96Als + 

Asp 98Glu + 

Asn 99Glu 


Aspl65Glu 

+ 

Leu209Thr 

+ Ser216Glu 





Asn 99Gln * 

S6rl38Asp 

AsnieiGlu 


Giy215G;u 


Ser216Asp 

+ Ile220Gly 





SerlCoAsp 

Thrioepro * 

Glyl36Pro 


Giyi60Giu 

•f 

:jeu209Asp 

+ Ser219Asp 





Glnl03Giu ^ 

AXaI66Thr 

Asr.l9'2Giu 


L6u203Asp 


Ser219Glu 

+ Iie220Cys 





Tyrl04Met * 

Thrioeser * 

Ssrl39Asp 


Thr206Pro 

+ 

Ser2i9Asp 

4 Gly222Glu 





Ilei07Gin + 

Aspl65Glu ^ 

Asnl68Glu 


Serl9lAsp 


Leu209Met 

+ Ser219Glu 





Giy 68Ser + 

ThrlOSGIu ~ 

llel07Giy 

+ 

Asni62Glu 


Ser207Asp 

+ Ile220Asp 





Arg 64 Asp + 

GlyieOAsp 

Ser207Glu 


Ile208Giy 

+■ 

IIe213Leu 

+ Iie220Asp 





Tyrl37Asp 

Serl70Asp ^ 

Ph€i92Ser 

+ 

Ser207Giu 

4- 

Leu209?ro 

+ GIy214Glu 





Tyrl04Cys 

GlyX35Asp 

Ssr I38Asp 


Thr206Asp 


Gly214Gin 

+ Arg218Giu 





Arc 6 4 Asp -i- 

Asp 97Glu + 

Serl39Asp 

-t- 

Asnl68Gln 


Thr206Asn 

+ Gly2I'3Asp 





Asp oSGlu 

Leul33Asn + 

Serl70Giu 

+ 

Ile208Thr 

+ 

Ser216Glu 

Arg218Asp 





SerlOlAsp 

Serl3SGlii 

Thr206Pro 


Ser207Giu 

+ 

Ser219Glu 

* Ile220Cys 
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GiyI34Glu ^ Ser207Giu + Leu209Ser + GI y214Glu - 

Ser219GIu + Iie22QAia 
Arg 64Asp + Giy t.3Asn + Giyi35Asp * Glyl3€Gln * 

S€r201Asp Ser219Asp 
3 sr. 1 01 Asp * Serl38Giu - Ser207Asp - Leu209Iie * 

3er219Giu + GlY222GIn 
Giy 6 6 Asp SerlOSAsp * Alal64Gln * PheI92Ala * 

Ser207Giu ■*■ Ser2i9Asp 
Arg 64G1U - Gly ooAsn * Asn 99Ser Serl38Giu * 

Ser207Asp ^ Ser219Glu 
Arg 64Asp + IIel07Thr * :ie213Gly * Ser216Asp * 

Arg213Asp + Glv222Glu 
Ginl03Giu + Ilel07His - Giyl35Pro + Glyl36Asp + 

Argl67Asp + Ser219Giu 
Gly 68G1U + Asp 97Giu + Thrl06Giu + Phel92Ket + 

Ser207Glu ^ Xie2i3Aia 
Alal64Giu + AsnloSSer + 3eri91Giu 4 Ser216Asp + 

Ser219Giu + i:e220Thr 
Giy 68Gln * Asnl62Glu + Serl90Asp + Lea2Q9Thr + 

Ser219Asp -f GIy222Gln 
Vai 95Cys + ilel07Asp + Tyrl37Ala + Asnl94Glu i- 

Giy214Asp 4 Ser216GXu 
Asp 65Glu + Gly 70Gin ^ Leu209Giy + Ser216Glu + 

Ser221Asp + Thr2236lu 
SerlClGl'j G^v205Gln + Leu209Glu + Ser216Asp 4 

~ ^ "('^ ^ - Leu209Asp + Gly215Pro + 

Ser2i6Giu + Thr217Gln 
k'^n Q^G. . * ';.\:^>&?io ' i^erHOGlu + SerllOGlu * 

AsnlS4GXu + Iie220Met 
Gly £o3In ^ Asp 98Glu * GiylOGGIu + S©rIQ5Glu + 

Iie220Asp + Tnr223Asn 
Arp <^"&'u v.lv.OOG^u ~ ierlOSAsp + GIyl36Ser * 

.xnlci^Giu ^ Gly2i4Pro 
\aL 95Asr ^ Asp 97Glu * SerlOlAsp + AspI€5Giu + 

Phel92his + ::e220Glu 
?1.:3Sg:u ;>sn2oJAsp * ?hel92Tyr + Asnl94Gln + 

^e- ■'.^Gla ' Ser'^^lGlu 
Asn 99Giu + SeriUlAsp + Serl40Asp + Asnl61Glix + 

SerlSOAsp * Giy215Asn 
Gly 68Gln + GlvlOOAsp + Ginl03Asp * Tyrl37Gly 

Ciylc'^AGp - ijeu2 09Cys 
C y'^'^OAsp - Cin.i ZJ^sp + Clyl6CGin + l.eu2Q9Asn + 

'"rp212Ser + Ser221Glu 
Gl^ l^-^At-p - ::eri:5Asp f- Asra62Gln 4 Leu209Val 4 

^ei216j^L. + Tnr223Abf. 
A: a --^Asr * Giv »^oGl^ - Le i 96Thr + ThrlOSSer * 

^>?r.£...^u Ar = 218G_. 
. ^^r - ■"Si It^'^^crp ~ ...eri'QAsp * SerlSOGiu 

Lea209AsD + Giv215Gln 
lfc;u "^lAla * 3e^l3^asr + Thr2C6Gln -i- Leu209Aia + 

."er?]vAsp -r Ser219Clu 
Asn 67Ser + Val 95Thr -f Serl4GGlu + Thr2 06Pro + 
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Ser216Glu + Ser219Asp 
Val 95Asn + Serl38Glu Ile208Gln ^ Leu209Vai ■+ 

Sej:2i6Glu Ser219Asp 
Gly ~fOAsp + Asn 99Gin -r SerlOlGlu * Leui33Asri ^ 

LeuZoioin + Ssr2i6Asp 
■:yrl04Gin + llel07His + Serl38Asp + 3erI91Asp - 

?hr2Q6Giu + Arg218Asp 
Thrl06Giu + SerlSSGiu -s- Thr206Gly + Ser219Glu + 

Xie220Thr.+ Ser221Glu 
Tyri37Glu + Asnl51GIu + L6u209Thr * Ile2I3Asp + 

Ser216Asp + ThrSi^Asn 
Arg 64Giia + Asn 67Glu Ssri70Asp + Trp212His + 

lle2I3Ala + Arg218Glu 
Val 35Asp * Iiei07Gly - Givi34AsD + 3erl38Aso •^ 

AsnlSlGln + 5erl90Glu 
hsp GSGlu -r Asp 98GUJ - Glyl60Ser - Aspl 6£Glu 

?hel92Gly + Ser219Glu 
Asp 97Giu Leui33His + Glyl36Giu Serl38Asp * 

Leu209Giy * Ser2i6Asp 
Asp 65G1U f Serl38Glu + Tyrl69Met - Ser207Asp 

Leu209Giu + Gly215Pro 
Leu 96Gln - Asp 97Glu Serl38Glu + Thr206Pro + 

Ser207Giu Leu209Asp 
Gly 70Gln ^ Asp 97Glu + SerlSOAsp Thr206Glu + 

Ser216Asp + Iie220Asn 
Arg 64Glu * Gly 66Pro + Gly 70S€r Aspi€5Giu + 

tyrl65Giu ■*• Serl91Asp 
Glyl36Asp Asnl63Asp + ?he:92?ro + 3er2i6GIu + 

Arg218Asp + Ile220Val 
Gly 66Asp 4 Tyrl37Giy + AsnX62Ser + Alal64Giu + 

Argl67Asp + Ser216Glu 
GlylOOAsn Giyl02Asp + TyrlO^His -^ AspieSGiu + 

Ser216Asp + Arg218Asp 
Glyl02Glu + Leul33Vai Serl40Giu + Thr2 06Glu + 

Iie220Glu + ?hr223Pro 
Serl05GIu Leui33Asn + Alal64Asn + Aspl65Glu * 

Thr2i7Giu + Ser219Asp 
Gly 70Asp + Val 95Thr GlyI34Asp Serl39Glu + 

AsnlSlGlu + Asnl94Ser 
GlylOOSer + Glyl35Glu * Serl40GIii + Asnl5IAsp + 

Ile213Cys + Arg218Gi« 
GIyl36Asp + Tyrl37Gly -s- Sei:I40Asp + Asnl62Glu + 

Thr211Gly + 61y214A5p 
Val 95Gly + Tyrld^Ala + Serl33Giu + Asnl63Asp + 

Argl67Asp + Ser219Asp 
Asp 65G1U »■ Gly 70Asn + Val 95Ser + SerlSlAsp + 

Thr206Glu -i- Ser2X6Asp 
?yrl04Leu. -f Leul33Cys 4 Giyl34Asp + Asnl62Asp + 

Tyrl69Pro + Ser216Asp 
Val 95Glu + Asn 99Asp + Tyrl04Ala + Tyrl37Ala + 

Leu209Asp + rie220Cys 
Gly 66G1U + Thri06Ser 4 Leu20SGly + Gly215Asn + 

Ser2i6Asp + Ile220His 
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Thr "^iPro + Giy:j2Glu - Glyl34Asp * Seri39Asp 

Ile220&ro + Ssr221Asp 
Leu 96Ser ^ Asp 98Giu SerlOIAsp + Gini03Ser + 

GlvieOAsp + 33r2I6Glu 
Leu 96Cys * Alal64Asn - Tyrl69Pro + Thr217Asr; * 

Arg21.SAsp + Gly222Asp 
Tyrl04Asfi + Giyi3$Glu + Tyrl37His + Serl406iu + 

2er2I6Glu + Il8220Cys 
AsD 98Giu Giyi35Asp * SerlSSGlu + Asnl63Giu * 

Fhel92Cys + Ile220Ser 
Gly eSGiu -i- Asn 99Giu + Glyi02Pro + Thri06Asn + 

3eri.39Gi,u + Ser22IA3p 
G. , 6?r^ . * '",/rlC4Ala * Ala.64GLn Asnl68Asp + 

::iei-219Giu Tnr?23Asn 
A:: <?^Ci_ - C_ - 2Pi ^ - Serl40Asp + Ser207Gla + 

^<='^^'') * Z j'Z22I^3p 

i.ot.'"'KSo ~ hr. tv.!"- + o^' l€OA.>p + Serl91Asp 

^.?c ") •^ . 1" + hs'-iyiQin + Argi67Asp 

A- ^^K^-t. ^ L;„ - 23er + '"yrl37Asp Aspl65Glu + 

P- ''-.K ^r.^^P" - ■^"Asp 4- Seri38Glu + 

Ar t 5 li * /ai f v i ^ ^oAsn + Aial64Giu + 

Leu^09Ai.a * Giy21'^'oi,u 
i^"- t4G] - '"vl^ . uAsr ^ Alal66Ser + Lea209His + 

ow" 1 { - ^ .221G^vi 
As c"!- " .'•2Ai,:» + Al=il64GLu +• Asnl6SGlu + 

is-6rzu7Ksr) * !i.e220Leu 
G-.v^ vi - - ttCI + 5erl39Asp + GiyXSOAsn -*■ 

c^v . 2^-^ . Ai-.v,^.!. -^r20t>Giu + GIy2:5GXu + 

C J o^< i- - ^e- "iA<^r - 3erlc!9GLu + Asnl62Asp + 

AsDiftSGiu beu2t'rjG±n 
Glj^nOSer + S<^i 1 ^ A - ^^s^l62GLu + Aspl65Giu + 

Pro204Gin + Ser207Giu 
ihilOfijl^ - .x- "■''ii * ~U136GLu + Serl40Asp + 

Asnlt)8Gin * £er2i9A3p 
Arcf 64G1U ^ Vai 95Thr + Asp 98Giu + Tyrl04Thr + 

5erl4 0Glu 3erl91Asp 


Cleaning Compositions 

}n another embodiment of the present invention, an effective amount 
of one or more of the enzyme variants are included in compositions usefu! 
for cleaning a variety of surfaces in need of proteinaceous stain removal. 
Such cleaning compositions include detergent compositions for cteaning 
hard surfaces, uniimited m form (e.g.. hqutd and granular); detergent 
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compositions for deantng fabrics, unlimited in form {e.g., granular, liquid 
and bar formulations); dishwashing compositions (unlimited in fonn); oral 
cleaning compositions, unlimited in form (e.g., dentifrice, toothpaste and 
mouthwash formulations); dentura cleaning compositions, unlimited tn form 
(e.g., liquid, tablet); and contact lens cleaning compositions, unlimited m 
form (e.g., liquid, tabiet). 

The cleaning compositions also comprise, in addition to the 
Proteinase K variants described hereinbefore, one or more cleaning 
composition materials compattbie with the protease enzyme, the term 
"deantng composition matenal", as used herein, means any liquid, soSid or 
gaseous material selected for the particular type of cleaning composition 
desired and the form of the product {e.g., liquid, granule, bar, spray, stick, 
paste, gel), vsrfiich materials are also compatible with the Proteinase K 
variant used in the composition, the specific selection of cleaning 
composition materials are readily made by considering the surface materia! 
to be cleaned, the desired form of the composition for the cleaning condition 
during use {e.g., through the wash detergent use). The term "compatible", 
as used herein, means the cleaning composition materials do not reduce 
the proteolytic activity of the Proteinase K variant to such an extent that the 
protease is not effective as desired during normal use situations. Specific 
cleaning composition materials are exemplified in detail hereinafter. 

As used herein, "effective amount of enzyme variant" refers to the 
quantity of enzyme variant necessary to achieve the enzymatic activity 
necessary in the specific cleaning composition. Such effective amounts are 
readily ascertained by one of ordinary skill in the art and is based on many 
factors, such as the particular enzyme variant used, the cleaning 
application, the specific composition of the cleaning composition, and 
whether a liquid or dry {e.g., granular, bar) composition is required, and the 
like. Preferably the cleaning compositions comprise from about 0.0001% to 
about 10% of one or more enzyme variants of the present invention, more 
preferably from about 0.001% to about 1%, more preferably still from about 
0.01% to about 0.1%. Several examples of various cleaning compositions 
vrfierein the enzyme variants may be employed are discussed in further 
detail t>eiow. All parts, per^ntages and ratios used herein are by weight 
unless othenvise specified. 

As used herein, "non-fabric cleaning compositions" include hard 
surface cleaning compositions, dishwashing compositions, oral deantng 
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compositions, denture cleaning compositions and contact lens cieaning 
composstions, 

^- Cleaning Compositions for Hard Surfaces. Dishes and Fabrics 

The enzyme variants of the present invention can be used in a 
variety of detergent compositions where high sudsing and good insoluble 
substrate removal are desired Thus the enzyme variants can be used with 
various conventionai ingredients to provide fully-formulated hard-surface 
cleaners, dishwashing compositions, fabric laundering compositions and the 
like. Such compositions can be in the form of tiqutds, granules, bars and 
the like. Such compositions can be formuiated as modem "concentrated" 
detergents which contain as much as 30%-60% by weight of surfactants. 

The cleaning compositions herein can optionally, and preferably, 
contain various anionic, nonionic, zwilterionic, etc., surfactants. Such 
surfactants are typically present at levels of from about 5% to about 35% of 
the compositions. 

Nonlimittng examples of surfactants useful herein include the 
conventional Cii-Cig aikyi benzene sulfonates and primary and random 
atkyi sulfates, the secondary {2,3) alky! sulfates of the formulas 

CH3(CH2)x{CHOS03)-ft/l+)CH3 and CH3{CH2)y(CHOS03-fV5+) CH2CH3 
wherein x and (y+l) are integers of at least about 7, preferably at least 
about 9, and M is a water-solubiiizing cation, especially sodium, the C10- 
C18 alkyi aikoxy sulfates {especiaiiy EO 1-5 ethoxy sulfates), C-io-C-js a'^y' 
alkoxy carboxylates (especially the EO 1-5 ethoxycarboxyiates), the C10- 
C-is aikyi poiyglycosides. and their corresponding sulfated poiygiycosfdes. 
€•52-018 atpha-sulfonated fatty acid esters, Ci2-Ci8 a'!^y! and alkyi pheno! 
alkoxylates (especially ethoxylates and mixed ethoxy/propoxy), C12-C18 
betainss and sulfobetaines {"sultaines"), Cio-C-jg amine oxides, and the 
like. The aikyi alkoxy sulfates (AES) and alky! alkoxy carboxylates (AEC) 
are preferred herein. (Use of such surfactants in combination with the 
aforesaid amine oxide and/or betaine or suitatne surfactants is also 
prefen-ed, depending on the desires of the formulator.) Other conventional 
useful surfactants are listed in standard texts. Particularly useful 
surfactants include the C-jq-Cis N-methyl gtucamides disclosed in US 
Patent 5, 194,639, Connor et a!., issued March 16. 1993. incorporated 
herein by reference. 

A wide variety of other ingredients useful in detergent cleaning 
compositions can be included in the compositions herein, including other 
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active ingredients, carriers, hydrotropes, processing aids, dyes or pigments, 
solvents for liquid formuiations. etc, if an additionai increment of sudsing is 
desired, suds boosters such as the C10-C16 aikoiamides can be 
incorporated into the compositions, typicaily at about 1% to about 10% 
levels The Cio-Ci4 monoethanoi and diethanol amides iilustrate a typical 
class of such suds boosters. Use of such suds boosters with high sudsing 
adjunct surfactants such as the amine oxides, betaines and suJtairtes noted 
above is also advantageous. If desired, soluble magnesium saits such as 
MgCl2. MgS04, and the like, can be added at levels of, typtcaily, from about 
0.1 % to about 2%, to provide additionally sudsing. 

The liquid detergent compositions herein can contain water and other 
solvents as carriers. Low molecular weight primary or secondary alcohols 
exemplified by methanol, ethanol. propanot, and isopnapanoi are suitable. 
Monohydric alcohols are preferred for solubiitzing surfactants, but polyots 
such as those containing from about 2 to about 6 carbon atoms and from 
about 2 to about 6 hydroxy groups (e.g., 1,3-propanedfo!, ethylene glycol, 
glycerine, and 1 ,2-propanedio!) can also be used. The compositions may 
contain from about 5% to about 90%, typicaliy from about 10% to about 50% 
of such carriers, 

The detergent compositions herein wHI preferably be formulated such 
that during use in aqueous cleaning operations, the wash water will have a 
pH between about 6.8 and about 1 1 .0 Finished products thus are typically 
formulated at this range. Techniques for controtimg pH at recommended 
usage levels include the use of buffers, alkalis, acids, etc.. and are well 
known to those si<ilied in the art. 

When formulating the hard surface cleaning compositions and fabric 
deanlng compositions of the present invention, the formuiator may wish to 
employ various builders at levels from about 5% to about 50% by weight. 
Typical builders include the 1-10 micron zeolites, polycarboxylates such as 
citrate and oxydisucctnates, layered sificaies, phosphates, and the like. 
Other conventional builders are listed in standard formularies. 

Likewise, the formuiator may wish to employ various additional 
enzymes, such as cellulases, lipases, amylases and proteases in such 
compositions, typically at levels of from about 0.001% to about 1% by 
weight. Various detersive and fabric care enzymes are well-known m the 
laundry detergent art. 

Various bleaching compounds, such as the percarbonates, 
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perborates and the tike, can be used in such compositions, typically at 
levels from about l % to about 1 5% by weight if desired, such compositions 
can also contain bieach activators such as tetraacetyi ethyienedtamine, 
nonanoyloxybenzene sulfonate, and the like, which are also known in the 
art. Usage levels typically range from about 1% to about 10% by weight. 

Various soil release agents, especially of the anionic oiigoester type, 
various chelating agents, especiaiiy the aminophosphonates and 
ethylenedtaminedisuccinates. various clay soil removal agents, especially 
ethoxyiated tetraethyfene pentamine, various dispersing agents, especially 
poiyaoylates and polyasparatates. various brighteners, especially anionic 
brightsners, various suds suppressors, especially silicones and secondary 
aicohols, various fabric softeners, especiaiiy smectite days, and the like can 
alt be used in such compositions at levels ranging from about 1% to about 
35% by weight. Standard formularies and published patents contain 
multiple, detailed descriptions of such conventional materials. 

Enzyme stabilizers may also be used in the cleaning compositions 
Such enzyme stabilizers include propylene glycol {preferably from about 1% 
to about 107o), sodium formate (preferably from about 0.1% to about 1%) 
and calcium formate (preferably from about 0.1% to about 1%}. 
1. Hard surface cleanincj compositions 

As used herein "hard surface cleaning composition" refers to liquid 
and granular detergent compositions for cleaning hard surfaces such as 
floors, walls, bathroom tile, and the like. Hard surface cleaning 
compositions of the present invention comprise an effective amount of one 
or more enzyme variants of the present invention, preferably from about 
0.001% to about 10%, more preferably from about .01% to about 5%. more 
preferably stifi from about .05% to about 1% by weight of active enzyme of 
the composition. In addition to comprising one or more of the enzyme 
variants, such hard surface cleaning compositions typically comprise a 
surfactant and a water-soluble sequestering builder, in certain specialized 
products such as spray window cleaners, however, the surfactants are 
sometimes not used since they may produce a f iimy/streaky residue on the 
glass surface. 

The surfactant component, when present, may comprise as little as 
0,1% of the compositions herein, but typically the compositions will contain 
from about 0.25% to about 10%, more preferably from about 1% to about 
5% of surfactant. 


wo nmsi^ 


i24 

Typically the compositions wifl contain from about 0.5% to about 50% 
of a detergency builder, preferably from about 1% to about 10%. 

Preferably the pH should be in the range of about 8 to 12, 
Conventional pH adjustment agents such as sodium hydroxide, sodium 
carbonate or hydrochloric acid can be used if adjustment is necessary. 

Solvents may be included in the compositions Usefus solvents 
include, but are not limited to, glycol ethers such as diethylenegiyco! 
monohexyl ether, diethylenegiyco! monobutyl ether, ethylenegiycoi 
monobutyl ether, ethyieneglycol monohexyl ether, propyleneglyool 
monobutyf ether, dtpropyieneglycoi monobutyl ether, and diois such as 
2,2,4-trimethy!-l,3-pentanedio! and 2-ethyH,3-he)canedloi. When used, 
such solvents are typically present at levels of from about 0.5% to about 
15%, preferably from about 3% to about 1 1%, 

Additionally, highly volatile solvents such as isopropanol or ethanol 
can be used in the present compositions to facihtate faster evaporation of 
the composition from surfaces when the surface is not hnsed after "full 
strength" application of the composition to the surface. When used, volatile 
solvents are typically present at levels of from about 2% to about 12% in the 
compositions. 

The hard surface cleantng composition embodiment of the present 
invention is illustrated by the following examples. 
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Examples 7-12 


liquid Hard Surface Cleaning Compositions 


Component 

7 

8 

Example Ho. 
9 10 

11 

12 

Asn67S8r 

0.05 

0,50 

0,02 0.03 

0.10 

0.03 

Val95His 




0.20 

0.02 

Na2DlDA* 






EDTA** 



2.90 2.90 

- 


Na Citrate 

- 


- 

2.90 

2.90 

NaC i 2 Afl<;yl-ben2ene 

1.95 

- 

1.95 - 

1.95 

- 

sulfonate 






NaCi2 Alky!su!fate 


2.20 

2.20 


2.20 

NaCi2(ethoxy)*** 


2.20 

2-20 


2.20 

sulfate 






Ci2 Dimeihylamine 


0.50 

0.50 


O.SO 

oxide 






Ha Cumene sulfonate 

1.30 


1.30 ~ 

1.30 


Hexyl Camttol"* 

6.30 

6,30 

6.30 6.30 

6.30 

6.30 

Water**** 



balance to 100% 




*Disodium N-diethylenegiycoi-N.N-iminodtacetate 

**Na4 ethylenediamine diacetic acid 


***Dlethy!eneglycol monohexyl ether 
****AII formulas adjusted to pH 7 

In Examples 7-10, the Proteinase K variants recited in TabSes 2-36. 
among others, are substituted for Asn 67Ser, with substantially similar 

results. 

In Examples 11-12, any combination of the Proteinase K vanants 
recited in Tables 2-36. among others, are substituted for Asn67Ser and 
Va{95His, with substantially similar resutts. 
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Examples 13-18 
Spray Compositions for Cleaning Hard Surfaces 
and Removing HQUsehold Mildew 


Component 

13 

14 

Example No. 
15 16 

17 

18 

Gly134Asn + Ser140Asp 

0.50 

0.05 

0.60 

0.30 

0,20 

0.30 

L©u96G!y + Leu209Pro 





0,30 

0.10 

Sodium octyi sulfate 

2,00 

2,00 

2.00 

2.00 

2,00 

2.00 

Sodium dodecyi sulfate 

4.00 

4,00 

4.00 

4.00 

4.00 

4.00 

Sodium hydroxide 

0.80 

0.80 

0.80 

0,80 

0.80 

0.80 

Silicate (Na) 

004 

0.04 

0,04 

0 04 

0,04 

0.04 

Perfume 

0.35 

0.35 

0.35 

0,35 

0.35 

0-35 

Water 



balance 

to 100% 




Product pH is about 7. 

In Examples 13-16, the Protatnase K variants recited in Tables 2-36, 
among others, are substituted for Gtyl34Asn + Serl40Asp, with 
substantially similar results. 

in Examples 17-18, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for G!yl34Asn + 
Ser140Asp and Leu96Giy + Leu209Pro, with substantially similar results, 
2. Dishwashing Compositions 

in another embodiment of the present invention, dishwashing 
compositions comprise one or more enzyme variants of the present 
invention. As used herein, "dishwashing composition" refers to all forms for 
compositions for cleaning dishes, including but not limited to, granular and 
liquid forms. The dishwashing composition embodiment of the present 
invention is illustrated by the following examples. 
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Examples 19-24 
Dishwashing Composition 





Example No 



Component 

19 

20 

21 

22 

23 

24 

Aia164Asp 

0.05 

0.50 

0.02 

040 

0,10 

0.03 

Ser191Asp + Phe192Met 


- 



0.40 

0.02 

+ Asn194Gtn 







C 12-^1 4 N-methyl- 







giucamide 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

C-j2ethoxy (1) sulfate 

12.00 

12.00 

12.00 

12.00 

12.00 

12.00 

2-methyl undecanoic acid 

4.50 

4,50 

4.50 

4.50 

4.60 

4.50 

0-12 ethoxy (2) carboxylate 4.50 

4,50 

4,50 

4.50 

4.50 

4.50 

C-52 afcohot ethoxylate (4) 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

Ci2 amine oxide 

3.00 

3.00 

3.00 

3,00 

3,00 

3.00 

Sodium cumene sulfonate 

2.00 

2.00 

2,00 

2,00 

2,00 

2.00 

Ethanol 

4.00 

4,00 

4,00 

4.00 

4.00 

4,00 

Mg^+ (as MgCi2) 

020 

0-20 

0.20 

0,20 

0.20 

0,20 

Ca"^"^ (as CaCt2) 

0,40 

0,40 

0.40 

0.40 

0.40 

0.40 

Water 



balance to 100% 




Product pH is adjusted to 7. 


!n Examples 19-22, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for A!a164Asp, with substantially similar 
results. 

In Examples 23-24. any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for A!a164Asp and 
Ser191Asp + Phe192Met + Asn194Gln, with substantially similar results. 
3- Fabric cieanino compositions 

In another embodiment of the present invention, fabric cleaning 
compositions comprise one or more enzyme variants of the present 
invention. As used herein, "fabric cleaning composition" refers to alt forms 
for detergent compositions for cleaning fabrics, including but not limited to, 
granular, liquid and bar forms. Preferred fabric cleaning compositions are 
those in the liquid form, 
a. Granular fabric cieanino compositions 

The granular fabnc cleaning compositions of the present invention 
contain an effective amount of one or more enzyme variants of the present 
invention, preferably from about 0.001% to about 10%. more preferably from 
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about 0.005% to about 5%, more preferably from about 0.01% to about 1% 
by weight of active enzyme of the composition, tn addition to one or more 
enzyme variants, the granular fabric cleaning compositions typically 
comprise at least one surfactant, one or more fouifders, and, in some cases, 
a bleaching agent. 

The granular fabric cleaning composition embodiment of the present 
invention is iHustrated by the foliowing examples. 


Examples 25-28 
Gran ula r Fabri Cleaning Composition 




Example No. 


Component 

25 

26 

27 

28 

l!e208Aia 

0,10 

0.20 

0.03 

0.05 

Trp212Ph8 



0.02 

0.05 

C-js linear atky! benzene sulfonate 

22.00 

22.00 

22.00 

22.00 

Phosphate (as sodium 

23.00 

23.00 

23.00 

23-00 

tripotyphosphates) 





Sodium carbonate 

23.00 

23.00 

23,00 

23.00 

Sodium silicate 

14.00 

14.00 

14.00 

14.00 

Zeolite 

8.20 

8.20 

8.20 

8.20 

Cheiant {diethyiaenetriamine- 

0.40 

0.40 

0.40 

0,40 

pentaacetic acid} 





Sodium sulfate 

5.50 

5.50 

5,50 

5.50 

Water 


balance to 1 0OS' 



In Examples 25-26> the Proteinase K vanants recited in Tables 2-36. 
among others, are substituted for lt8208Ala, with substantiaJly similar 
results. 


In Examples 27-28, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for lle208Aia and 
Trp212Phe. with substantially similar results. 
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Examples 29-32 
Granuiar Fabric Cleaning Composition 




Example No. 


Component 

29 

30 

31 

32 

Asn194Giu + Leu209Gly 

0.10 

0-20 

0.03 

0.05 

GlylOOAsn + G!n103Ser + Sef207Asp 

• 


0.02 

0.05 

+ Leu209Vat 





Ci2 3iky\ benzene sulfonate 

12.00 

12.00 

12.00 

12.00 

Zeolite A (1 -1 0 micrometer) 

26.00 

26.00 

26.00 

26.00 

2-butyi octanoic acid 

4.00 

4.00 

4.00 

4,00 

C 12-^1 4 secondary (2.3} alkyi sulfate, 

5.00 

5.00 

5.00 

5.00 

Na salt 





Sodium citrate 

5.00 

5.00 

5.00 

5.00 

Optica! brightener 

0.10 

0,10 

0,10 

0.10 

Sodium sulfate 

17.00 

17,00 

17.00 

17.00 

Water and minors 


baiance 

to 100% 


In Examples 29-30, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Asn194Giu + Leu209Gfy, with 
substantially similar results 


in Examples 31-32, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for Asn194Glu + 
Leu209Gly and GiylOOAsn + GlnlOSSer + Ser207Asp + Leu209Valo, with 
substantially stmttar results. 
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Examples 33-36 
Granyiar Fabric Cteaning Composition 




Example No. 


Component 

33 

34 

35 

36 

Arg64Asp + Gly70Gin + Thr71Gly 

0.10 

0.20 

0.03 

0.05 

Phe192Asp + Asn194Ser 

- 


0.02 

0,05 

Ci3 linear alky! benzene sulfonate 

22.00 

22.00 

22.00 

22,00 

Phosphate (as sodium 

23.00 

23.00 

23.00 

23.00 

tfjpolyphosphates) 





Sodium carbonate 

23.00 

23.00 

23.00 

23.00 

Sodium silicate 

14.00 

14.00 

14.00 

14.00 

Zeolite 

8.20 

8.20 

8.20 

8.20 

Cheiant (diethylaenetrtamine- 

0.40 

0.40 

0.40 

0.40 

pentaacetic add) 





Sodium sutfate 

5.50 

5.50 

5.50 

5.50 

Water 


balance to 100% 


In Examples 33-34, the Proteinase K variants recited tn Tables 2-36, 
among others, are substituted for Arg64Asp + Gly70Gtn + Thr71Gty, with 
substantiatly simitar results. 

In Examples 35-36, any combination of the Proteinase K variants 
recited m Tables 2-36. among others, are substituted for Arg64Asp + 
Gly70Gln + Thr71G}y and Phe192Asp + Asn194Ser, with substantially 
simitar results. 
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Examples 37-40 
Granuiar Fabric Cleaning Composition 




Example No, 


Component 

37 

38 

39 

40 

A!a164His + A!a166Giy 

0,10 

0.20 

0.03 

0.05 

ll©213Pro + Ser216Giu + li8220Glu 

- 


0.02 

0.05 

Ct2 aikyi benzene sulfonate 

12.00 

12,00 

12.00 

12.00 

Zeoiite A (1 - ID micrometer) 

26.00 

26.00 

26.00 

26.00 

2-buty! octanoic acid 

4.00 

4,00 

4,00 

4,00 

^^12-Ci4 secondary {2,3} aikyi sulfate, 

5.00 

5.00 

5.00 

6.00 

Na salt 





Sodium citrate 

6.00 

5.00 

5.00 

5.00 

Optical brtghtener 

0.10 

0.10 

0,10 

0.10 

Sodium sulfate 

17.00 

17.00 

17.00 

17.00 

Water and minors 


balance to 100% 



In Examples 37-38, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Ala164Hfs + Aia166Gly, with substantially 

similar results. 


In Examples 39-40, any combination of the Proteinase K variants 
reoted in Tables 2-36, among others, are substituted for Aial64H(S + 
Ala166Giy and lie213Pro + Ser216Glu + lle220Glu, with substantially 
similar results. 
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Examples 41-42 
Granular Fabric Cleaning Composition 

Example No. 


Component 

41 

42 

Linear alky! benzene suiphonate 

11.4 

10.70 

Taliow a!kyl sulphate 

1.80 

2.40 

^14-15 aii^y! sulphate 

3.00 

3.10 

Ct 4.-15 aicoho! 7 times ethoxylated 

4.00 

4.00 

Taliow aicohol 1 1 times ethoxylated 

1.80 

1.80 

Oispsrssnt 

0 07 

0 1 

Si!icort6 fluid 

0 80 

0 80 

TrisodtufTi citrate 

14 00 

15 00 

Citric acid 

3.00 

2.50 

Zeolite 

32 50 

32 10 


5.00 

5,00 

Diethyiene triamine penta methylene 

1 00 

0 20 

phosphonic acid 



Giy203Gln + Thr21 1 Gly + He21 3Leu 

0.30 

0.30 

+ Giy214Asn 



Lipase 

0.36 

040 

Amylase 

0.30 

0.30 

Sodium silicate 

2.00 

2.50 

Sodtum sulphate 

3.50 

5.20 

Polyvinyl pymslidon© 

0.30 

0.50 

Perborate 

0.5 

1 

Phenol suiphonate 

0.1 

0.2 

Peroxidase 

0.1 

0.1 

Minors 

Up to 100 

UptolOO 
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Examples 43-44 

Granutar Fabric Cleaning Composition 

Example No 

Component 43 44 

Sodium linear Ci2 aikyi benzene-suifonate 6.6 8.0 

Sodium sulfate 16.0 18.0 

Zeolite A 26.0 22.0 

Sodium nitrilotriacetate 6.0 5.0 

Polyvinyl pyrroiidone 0,5 0.7 

Tetraacetylethylene diamine 3.0 3,0 
Sortcacid 4.0 

Perborate 0.5 1 

Phenol suiphonate 0. 1 0.2 

Asp98Glu + Tyr104Leu 0,4 0.4 

Fillers (e.g., silicates; carbonates; Up to 1 00 Up to 100 

perfumes: water) 

Example 45 

Compact Granutar Fabric C learning Composition 

Component Weight % 

Aiky! Sulphate 8 0 

Aikyi Ethoxy Sulphate 2.0 
Mixture of C25 and C45 alcohol 3 and 7 times ethoxylated 6,0 

Polyhydroxy fetty acid amide 2.5 

Zeolite 17.0 

Layered stilcate/crtrate 16.0 

Carbonate 7,0 

Mateic add acrylic acid copolymer 5.0 

Soil release polymer 0.4 

Carboxymethyt cellulose 0.4 

Poly {4-Vfnylpyrfdine) -N-oxtde 0.1 

Copolymer of vinylimidazole and vrnylpyfrotidone 0. 1 

PEG2000 0.2 

Glyl 36Ser + Tyr1 37Met + Serl 38Glu 0.5 

Lipase 0.2 

Ceiiulase 0.2 

Tetracetylethylene diamine 6.0 

Percarbonate 22.0 
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Ethylene diamine disuccinic acid 0.3 

Suds suppressor 3.5 

D!S0d)um-4.4'-bis (2-morphoiino -4-ani!ino-s-tnaztn-6- 0,26 

yjamtno) stilbene-2,2'-dfsu!phonate 

Dtsodiurn-4,4'-bis (2-sulfostyril) biphenyt 0.05 

Water. Perfume and Minors Up to 100 

Example 46 

Granular Fabric Ctean ing Com positio n 

Component Weight % 

Linear aiky! benzene sutphonate 7,6 

C 1 6-C i 8 st\ky\ sulfate 1 .3 

C 1 4-1 5 alcohol 7 times ethoxylated 4.0 

Coco-alkyl-dimethyi hydroxyethyt ammonium chloride 1 .4 

Dispersant 0.07 

Silicone fluid 0.8 

Trisodium citrate 5.0 

Zeolite 4A 15.0 

Maleic acid acrylic acid copolymer 4.0 

Diethyiene triamtne penta methylene phosphonic acid 0,4 

Perborate 15.0 

Tetraacetylethylene diamine 5.0 

Smectite clay 10.0 

Poiy (oxy ethylene) (MW 300,000) 0.3 

Ser219Asp 0.4 

Lipase 0.2 

Amylase 0.3 

CeMutase 0.2 

Sodium silicate 3.0 

Sodium carbonate 10.C 

Carboxymethyi cellulose 0,2 

Brighteners 0.2 

Water, perfume and minors Up to 100 
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Exampte 47 
Granular Fabric Cieaning Composition 


Component 

Weight % 

Linear aikyi benzene sulfonate 

6.92 

Tallow alkyi sulfate 

2.05 

C^14"15 aicohol 7 times ethoxylated 

4.4 

C 12-1 5 ethoxy sulfate - 3 times ethoxylated 

0.16 

Zeolite 

20.2 

Citrate 

5.5 

Carbonate 

15,4 

Silicate 

3.0 

Maleic acid acrylic acid copoiymer 

4.0 

Carboxymethyi cellulase 

0.31 

Soil release polymer 

0.30 

Ser190Glu + Ser191Glu + Phe192Leu + Asn194Ser 

0.2 

Lipase 

0.36 

Celluiase 

0.13 

Perborate tetrahydrate 

11.64 

Perborate monohydrate 

8.7 

Tetraacetylethylene diamine 

5.0 

Diethyiene tramine penta methyl phosphonic acid 

0.38 

Magnesium sulfate 

0.40 

Brjghtener 

0.19 

Perfume, Sfiicone. suds suppressors 

0.85 

Minors 

Up to 100 


b. Liquid fabric cleaning compositions 


Liquid fabric cleaning compositions of the present invention comprise 
an effective amount of one or more enzyme variants of the present 
invention, preferably from about 0.005% to about 5%, more preferably from 
about 0.01% to about 1%, by weight of active enzyme of the composition. 
Such liquid fabric cleaning compositions typically additionally comprise an 
anionic surfactant, a fatty add, a water-soluble detergency builder and 
water. 

The liquid fabric cieaning composition embodiment of the present 
invention is illustrated by the following examples. 
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Examples 48-52 
Liquid Fabric Cleaning Compositions 





Example 

No. 


Component 

48 

49 

50 

51 

52 

l!e220Asp 

0.05 

0.03 

0.30 

0,03 

0.10 

Thr206Asp + lle220Met 




0.01 

0,20 

Ci2' C-i4 aikyl sulfate, Na 

20.00 

20,00 

20.00 

20.00 

20,00 

2-butyl octanctc acid 

5.00 

5.00 

5.00 

5.00 

5,00 

Sodium citrate 

100 

1.00 

1.00 

100 

1,00 

Cio afcohol ethoxyiate (3) 

13.00 

13.00 

13.00 

13.00 

13,00 

Monethanolamtne 

2.50 

2.50 

2.50 

2.50 

2,50 

Water/propylene glycol/ethanol 

(100:1:1) 

balance to 100% 



In Examples 48-50 the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for lie220Asp, with substantially similar 
results. 


fn Examples 51-52, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for tle220Asp and 
Thr206Asp + iie220Met. with substantially similar results. 


Examples 53-57 
Liquid Fabric Cleaning Compositions 


Component 

53 

54 

Example No. 
55 56 

57 

Gly136Ser 

0.05 

0.03 

0.30 

0,03 

0 10 

Giy215Pro 




0,01 

0.20 

Ci2* Ci4 aikyl sulfate, Na 

20.00 

20.00 

20.00 

20.00 

20.00 

2-butyl octanoic add 

5.00 

5.00 

5.00 

5,00 

5.00 

Sodium citrate 

1.00 

1.00 

100 

1.00 

1.00 

Cio aicoho! ethoxyiate (3) 

13.00 

13.00 

13.00 

13.00 

13.00 

Monethanoiamine 

2.50 

2.50 

2.50 

2.50 

2.50 

Water/propyiene giycoi/ethanof 

(100:1:1) 

balance to 1 00% 



In Examples 53-55 the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Giy136Ser, with substantially similar 
results. 


In Examples 56-57, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for Gly136Ser and 
Giy215Pro, with substantially similar results. 
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Examples 58-69 
Liquid Fabric Ctearang Composition 


Example No. 

Component 58 59 

€-12-14 3lkenyi succinic acid 3.0 8.0 

Citric acid monohydrate 10.0 15.0 

Sodium 012.15 afky! sulphate 8.0 8.0 

Sodium sulfate of Ci 2-15 alcohol 2 times ethoxylated - 3,0 
C 1 2-1 5 a'cohol 7 times ethoxylated - 8.0 

012-15 aicohol 5 times ethoxyiated 8.0 
Diethytene triamine penta {methylene phosphonic acfd)0,2 
Oleic acid 1.8 
Ethanol 4.C 4.0 

Propanediol 2.0 2.0 

Pro204Asn + Thr21 1 Pro + Gly214Gin + Gly215Glu 0.2 0.2 
+ Thr2l7Ser 

Polyvinyl pyrroltdone 1.0 2.0 

Suds suppressor 0.15 0.15 

NaOH up to pH 7.5 

Perborate 0.5 1 

Phenol sulphonate 0. 1 0,2 

Peroxidase 0.4 0,1 

Waters and minors up to 1 00 parts 

in each of Examples 58 and 59 heretn, the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for Pro204Asn + 
Thr211Pro + Gly214Gln + G!y215Glu + Thr217Ser, with substantially simitar 
results. 
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Examples 60-62 

Liquid Fabric Cieanfng Composition 

Example No. 

Component 60 61 62_ 


Citric Acid 

7,10 

3,00 

3.00 

Fatty Acid 

2.00 


2.00 

Ethanoi 

1.93 

3.20 

3.20 

Boric Acid 

2.22 

3,50 

3.50 

Monoethanotamine 

0.71 

1.09 

1.09 

1 ,2 Propanediol 

7.89 

8.00 

8.00 

NaCumene Sulfonate 

180 

3.00 

3.00 

NaFormate 

0.08 

0.08 

0.08 

NaOH 

6.70 

3.80 

3.80 

Silicon anti-foam agent 

1.16 

1.18 

1.18 

Leu96Met + Asn99Ser + SerlOSAsp 

0.0145 

- 

- 

Thr211Ser + Gly222Asp 

- 

0.0145 

- 

Tyr169Ser + Ser190Asp + lte220Thr 



0.0145 

Lipase 

0.200 

0.200 

0,200 

CeliuEase 


7.50 

7.50 

Soil reiease pofymer 

0.29 

0.15 

0.16 

Anti-foarDing agents 

0.06 

0.085 

0.085 

Brightener 36 

0095 



Brightener 3 


0,05 

0.05 

Ci2 a^M benzenesulfonic acid 

9.86 



012-15 aikyi poiyethoxyiate (2.5) sulfate 

13.80 

18.00 

18.00 

C^2 amide 


5.00 

6.00 


Ci2-13aiJ<yl polyetJ^oxyiateC^} 2.00 2.00 2.00 

Water, perfume and minors balance to 100% 

c. Bar fabric cleaning compositions 

Bar fabric deaning compositions of the present invention suitable for 
hand-washing soiled fabncs contain an effective amount of one or more 
enzyme variants of the present invention, preferably from about 0.001% to 
about 10%, more preferably firom about 0.01% to about 1% by weight of the 
composition. 

The bar fabric cleaning composition embodiment of the present 
invention is illustrated by the following examples. 
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Examples 63-66 
Bar Fabric Cieantng Compositions 




Example No, 


Component 

63 

64 

65 

66 

Leu96Ala + Asp97Gfu + SerlOIAsp 
+ lie 107 Asp , 

0.3 


0.1 

0,02 

Ser193Asp 


- 

0.4 

0.03 

C 12-^1 6 sulfate. Ma 

20.0 

20.0 

20.0 

20.00 

012-0-54 N-methyt giucamide 

5.0 

5.0 

5,0 

5.00 

C-) 1 -Ci3 aikyi benzene sulfonate, Na 

10.0 

10.0 

10.0 

10.00 

Sodium carbonate 

25.0 

25 0 

25.0 

25.00 

Sodium pyrophosphate 

7.0 

7,0 

7.0 

7.00 

Sodium tri polyphosphate 

7,0 

7.0 

7.0 

7.00 

Zeolite A (0,1 -.10ft) 

5.0 

5,0 

5.0 

5.00 

C arboxymethy icel i ulose 

0.2 

0.2 

0.2 

0.20 

r uiyauryiesie ^ivivv i*»uu^ 

0 2 

0-2 

0.2 

0.20 

Coconut monethanolamide 

5.0 

5.0 

6.0 

5.00 

Brightener, perftjme 

0.2 

0.2 

0,2 

0,20 

CaS04 

1.0 

1.0 

1.0 

1,00 

MgS04 

1.0 

1.0 

10 

1,00 

Water 

4.0 

4.0 

4.0 

4.00 

Filter 


balance to 100% 

*Can be selected from convenient mi 

aterials 

such as 

CaCOs. ta!c. clay. 


silicates, and the like. 

In Examples 63-64 the Proteinase K variants recited in Tables 2-36. 
among others, are substituted for Leu 96Ala + Asp 97Glu + Ser101Asp + 
ile107Mp, with substantially similar results. 

In Examples 65-66, any combtnatfon of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for Leu96Aia + 
Asp97G!u + SerlOIAsp + i!e107Asp and Ser193Asp, with substantially 
similar results. 
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Examptes 67-70 
Bar Fabric Cieaning Compositions 


Component 

67 

Example No. 
68 69 

70 

Arg64Asp + G!y68Gin 

0 3 

- 

0 1 

0 02 

Tyr137Gin 


0.3 

0.4 

0.03 

Ci2'Ci6 sutfate, Na 

20-0 

20.0 

20.0 

20-00 

Ct2"Ci4 N-methy! giucamide 

5.0 

5.0 

5.0 

5.00 

Cii-Ci3 alkyl benzene sulfonate, Na 

10.0 

10.0 

10.0 

10.00 

Sodium carbonate 

25.0 

25.0 

25.0 

25.00 

Sodium pyrophosphate 

7.0 

7.0 

7.0 

7.00 

Sodium tripolyphosphate 

70 

7.0 

7.0 

7.00 

Zeolite A {0,1-. 10m) 

5,0 

5.0 

5.0 

5.00 

Carboxy methyl celtuiose 

0.2 

0.2 

0.2 

0.20 

Polyacryiate (MW 1400} 

0.2 

0.2 

0.2 

0.20 

Coconut monethanolamide 

50 

50 

5,0 

6,00 

Brightener, perfume 

0.2 

02 

0.2 

0.20 

CaS04 

1 C 

1,0 

1.0 

1.00 

MgS04 

10 

10 

1.0 

1,00 

Water 

40 

4.0 

4.0 

400 

Fiiier* 


balance to 100% 


*Can be selected from convenient matenais such as CaCOs, talc, ciay. 
siiicates, and the iike 


In Example 67, the Proteinase K variants recited in Tabies 2-36, 
among others, are substituted for Af964Asp + G!y68Gin, with substantially 

similar results. 

In Example 68, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Tyr137Gln. with substanttaHy simitar 
results. 

In Examples 69-70, any combination of the Proteinase K variants 
recited in Tables 2-36, among others, are substituted for Arg64Asp + 
Gly68Glnand Tyr137Gin, with substantially similar results. 
8. Additional Cleaning Compositions 

In addition to the hard surface cleaning; dishwashing and fabric 
cleaning compositions discussed above, one or more enzyme variants of 
the present invention may be incorporated into a variety of other cleaning 
compositions where hydrolysis of an insoluble substrate is desired. Such 


J4l 

additional cieaning compositions include but are not limited to, oral cfeaning 
composittons, denture cleaning compositions, and contact tens cleaning 

compostttons. 

^ Oral cieaninff compositions 

In another embodiment of the present invention, a pharmaceuticaily- 
acceptable amount of one or more enzyme variants of the present invention 
are included in compositions useful for removing proteinaceous stains from 
teeth or dentures. As used herein, "orai cleaning compositions" refers to 
dentifrices, toothpastes, toothgeis, toothpowders, mouthwashes, mouth 
sprays, mouth gels, chewing gums, lozenges, sachets, tabiets, biogets, 
prophyjaxis pastes, dental treatment solutions, and the like. Preferably, the 
orai cleaning compositions comprise from about 0,0001% to about 20% of 
one or more enzyme variants of the present invention, more preferably from 
about 0.001% to about 10%, more preferabfy stiii from about 0.01% to 
about 5%, by weight of the composition, and a phanmaceutically-acceptabie 
carrier. As used herein. "pharmaceuticaHy-acceptable" means that drugs, 
medicaments or inert ingredients whtch the term d6scrit>es are suitable for 
use in contact with the tissues of humans and lower animais without undue 
toxicity, incompatibility, mstabiisty, trntation. alisrgic response, and the like, 
commensurate with a reasonable benefit/risk ratio. 

Typically, the pharmaceutically-acceptable oral cieaning carrier 
components of the oral cleaning components of the oral cieaning 
compositions will generally comprise from about 50% to about 99.99%, 
preferably from about 65% to about 99.99%, more preferably from about 
65% to about 99%, by weight of the composition. 

The pharmaceutically-acceptable earner components and optional 
components vsrfiich may be included in the oral cleaning compositions of the 
present invention are weli known to those skilled in the art, A wide variety 
of composition types, carrier components and optional components useful in 
the oral cleaning compositions are disclosed in U.S. Patent 5,096,700, 
Seibei, issued March 17, 1992; U.S. Patent 5,028,414, Sampathkumar, 
issued Juiy 2, 1991; and U.S. Patent 5,028,415, Benedict. Bush and 
Sunberg, issued July 2., 1991; all of which are incorporated herein by 
reference. 

The oral cleaning composition embodiment of the present invention 
is illustrated by the following examples. 
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Examples 71-74 
Dentifrice Compositton 


Exampie No 

Component 71 72 73 74 


GlyieOPro 

2,000 

3.500 

1,500 

2 

.000 

Sorbitol (70% aqueous solution) 

35,000 

35.000 

35.000 

35 

.000 

PEG-e* 

1.000 

1.000 

1.000 

1 

000 

Siiica dental abrasive** 

20.000 

20.000 

20.000 

20 

000 

Sodium fluoride 

0.243 

0.243 

0.243 

0. 

,243 

Titanium dioxide 

0.500 

0.500 

0.500 

0, 

,500 

Sodtum saccharin 

0.286 

0.286 

0.286 

0, 

286 

Sodium atkyf sulfate (27.9% 

4.000 

4.000 

4.000 

4 

,000 

aqueous solution) 






Flavor 

1,040 

1.040 

1.040 

1, 

,040 

Carboxyvinyi Polymer*** 

0.300 

0.300 

0.300 

0. 

,300 

Carrageenan**** 

0.800 

0.800 

0.800 

0. 

,800 

Water 


balance to 100% 



*PEG-6 ~ Poiyethyiene glycol having a molecular weight of 600. 
**Precipitated silica identified as Zeodent 119 offered by J.M. Ruber. 


•**Carbopo! offered by 8.F. Goodrich ChemicaS Company. 
"***!ota Carrageenan offered fay Hercules Chemical Company 

In Examples 71-74 the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Gly160Pro, with substantially simitar 
results. 
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Examples 75-78 
Mouthwash Composition 


Example No. 


Component 

75 

76 

77 

78 

Ala166Gln + Ser216Asp 

3.00 

7.50 

1.00 

5.00 

SDA 40 Alcohol 

8.00 

8.00 

8,00 

8.00 

Flavor 

0.08 

0.08 

0.08 

0.08 

Emulsifier 

0.08 

0.08 

0.08 

0.08 

Sodium Fitioride 

0.05 

0.05 

0-06 

0.05 

Glycerin 

10.00 

10.00 

10,00 

10.00 

Sweetener 

0.02 

0.02 

0.02 

0.02 

Benzoic actd 

0.05 

0.05 

0.05 

0-05 

Sodium hydroxide 

0.20 

0.20 

0.20 

0.20 

Dye 

0.04 

0.04 

0.04 

0.04 


Water balance t o 100% 

in Examples 75-78, the Proteinase K variants recited in Tables 2*36, 
among others, are substituted for Alai66Gin + Ser2l6Asp. with 
substantially simitar results. 

Examples 79-82 

Lozenge Composition 


Component 

79 

Example No 
80 81 

82 

Gly70Ser + lle107Giy + Leu133Met 

0.01 

0.03 

0-10 

0.02 

+ Phe192H!S + Asn194Asp 





Sorbitol 

17.50 

17.50 

17-50 

17.50 

Mannito! 

17.50 

17.50 

17.50 

17.50 

Starch 

13.60 

13.60 

13.60 

13.60 

Sweetener 

1.20 

1.20 

1.20 

1.20 

Flavor 

11.70 

11 JO 

11.70 

11.70 

Color 

0.10 

0-10 

0-10 

0.10 

Corn Syrup 


balance 

to 100% 



In Examples 79-82, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Gly70Ser + ile107Giy + Leu133Met + 
Phe192His + Asn194Asp, with substantially similar results. 
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Exampies 83-86 
Chewing Gum Composition 




Examp 

ie No, 


Component 

83 

84 

85 

86 

G!y214Asn 

0.03 

0.02 

0.10 

0.05 

Sorbitol crystals 

38.44 

38 40 

38,40 

38,40 

Paloja-T gum base* 

20.00 

20.00 

20.00 

20,00 

Sorbitol (70% aqueous soltrtion) 

22.00 

22.00 

22.00 

22.00 

Manntto! 

10.00 

10.00 

10,00 

10,00 

Glycerine 

7.56 

7.66 

7.56 

7.56 

Flavor 

1.00 

1.00 

100 

1.00 


*Suppited by L.A. Dreyfus Company. 

In Examples 83-86, the Proteinase K variants recited in Tabfes 2-36, 
among others, are substituted for Gty214Asn, with substantially similar 
results. 

2. Denture cleaning ppfnpq^itipns 

In another embodiment of the present invention, denture cleaning 
compositions for cleaning dentures outside of the oral cavity comprise one 
or more enzyme variants of the present invention. Such denture cleaning 
compositions comprise an effective amount of one or more of the enzyme 
variants, preferably from about 0.0001% to about 50% of one or more of the 
enzyme variants, more preferably from about 0 001% to about 35%, more 
preferabiy still from about 0.01% to about 20%, by weight of the 
composition, and a denture cleansing carrier Various denture cleansing 
composition formats such as effervescent tabiets and the like are well 
known in the art (see for example U.S. Patent 5,055,305, Young, 
incorporated herein by reference), and are generally appropriate for 
incorporation of one or more of the enzyme variants for removing 
proteinaceous stains from dentures. 

The denture cleaning composition embodiment of the present 
invention is illustrated by the following exampies. 
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Examples 87-90 
Two-layer Effervescent Denture Cleansing Tablet 
Example No. 


Component 87 88 89 90 

Acidic Layer 


Tyr137Leu + Tyr169Cys 

1.0 

1.5 

0.01 

0.05 

-¥ Phei92Asn + Ser207Asp 










Tsrtsric acid 

24.0 

24.0 

24.00 

24,00 

oumufn t^iPwiiciw 

4 0 

4 0 

4 00 

4.00 

Su!ph3mic sold 

10.0 

10,0 

10.00 

10.00 





4.00 

SodfurT5 biC3rbon3ts 

245 

24 5 

24 50 


Potsssium psrsulfste 

15.0 

15 0 

15 00 

1 5 00 

Sodium 3cid pyrophospHste 

7 0 

7 0 

7 00 

7 00 

Pyrogenic siiics 

2,0 

2.0 

2.00 

2,00 

TAED* 

7.0 

7.0 

7,00 

7,00 

RtcinoleyisuifosuccinstG 

0,5 

0,6 

0.50 

0,50 


1 0 

1 0 


1 .00 

Alkaline Layer 





Sodium perborate monohydrate 

32,0 

32.0 

32.00 

32.00 

Sodium bicarbonate 

19.0 

19.0 

19.00 

19.00 

EDTA 

3.0 

3.0 

3.00 

3.00 

Sodium tripoiyphosphate 

12.0 

12.0 

12.00 

12.00 

PEG 20.000 

2.0 

2.0 

2.00 

2.00 

Potassium persuifate 

26.0 

26.0 

26.00 

26.00 

Sodium carbonate 

2,0 

2,0 

2,00 

2,00 

Pyrogenic siHca 

2.0 

2.0 

2,00 

2.00 

Dye/fiavor 

2.0 

2.0 

2.00 

2,00 


"Tetraacetylethylene diamine 


In Examples 87-90, the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for Tyr137Leu + TyrlsgCys + Phe192Asn + 
Ser207Asp + Arg218Glu * lle220Leu, with substantially similar results, 
3. Contact Lens Cieanino Compositions 

in another embodiment of the present invention, contact lens 
cleaning compositions comprise one or more enzyme variants of the present 
invention. Such contact iens cleaning composttfons comprise an effective 
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amount of one or more of the enzyme variants, preferabSy from about 0.01% 
to about 50% of one or more of the enzyme variants, more preferably from 
about 0,01% to about 20%, more preferably stiti from about 1% to about 
5%, by weight of the composition, and a contact fens cteaning carrier. 
Various contact iens cleaning composition formats such as tablets, itquids 
and the like are well known in the art {see for example U.S. Patent 
4.863,627, Oavies, Meaken and Rees, issued September 5. 1989; U.S. 
Patent Re. 32,672, Huth, lam and Kirai, reissued May 24, 1988; U.S. Patent 
4,609.493, Schafer, issued September 2. 1986; U.S. Patent. 4,690793, 
Ogunbtyt and Smith, issued September 1, 1987; U.S. Patent 4,614,549. 
Ogunbiyi, Riedhammer and Smith, issued September 30, 1986; and U.S. 
Patent 4,286,738, Ogata, issued August 25. 1981; each of which are 
incorporated herein by reference), and are generally appropriate for 
incorporation of one or more enzyme variants of the present invention for 
removing proteinaceous stains from contact lens. 

The contact lens cleaning composition embodiment of the present 
invention is illustrated by the foHowing exampSes. 


Examples 91-94 
Enzymatic Contact Lens Cleaning S o iution 




Example No 


Component 

91 

92 

93 

94 

G!y102G!n 

001 

0 5 

0.1 

2,0 

Giucose 

50.00 

50,0 

50,0 

50.0 

Nonionic surfactant (poiyoxyethtene- 

2.00 

2.0 

2.0 

2.0 

polyoxypnspyiene copolymer) 





Anionic surfactant {polyoxyethylene- 

1.00 

1.0 

1.0 

1.0 

alkyiphenylether sodium suifricester} 





Sodium chloride 

1.00 

1.0 

1.0 

1.0 

Borax 

0.30 

0.3 

0.3 

0.3 

Water 


balance 

to 100% 



In Examples 91-94. the Proteinase K variants recited in Tables 2-36, 
among others, are substituted for G!y102Gtn, with substantially similar 
results. 


While particular embodiments of the subject invention have been 
described, it will be obvious to those skilled in the art that various changes 
and modifications of the subject invention can be made without departing 
from the spirit and scope of the invention. It is intended to cover, in the 
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appended ciasms, al! such modifications that are within the scope of the 
invention. 
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SEQOBKCE LISTIflQ 


{1} GBHERRL XRFORMATION 

{i) APPLICANT: BRODE, PHILIP F 
BARRETT, BOBBV 1. 


Hi) TITLE OF im'ESSmOR; PROTEIRASK K VARIAJSTS HAVING DECREASED 
ADSORPTION AND ItfCMASED HYDROLYSIS 

(iii! St^EH OF SSQUENCES: 1 

(iv) CORRSSPONDENCE ADDRESS; 

{A! ADDRESSEE; THE PROCTER & GAMBLE COMPANY 

(B) STREET: 11810 EAST MIAMI RIVER ROAD 

{C) CITY: ROSS 

{D> STATE: OH 

{£} COUSTRY; US 

(F) ZIP: 4506X 

jv) COMPtJTER REftCABLE FORH: 

<A} MEDIUM TYPE: Floppy disk 

<B) COMPUTER: IBM PC cos^atibie 

iC) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWA3RE; Patentin Release «l.O, Version *i,30 

(vi) CURRENT APPLICATION DATA; 
iA) APPLICATION mttfflER: 
(B) FILING DATE-. 
iC) CIASSIFICATION: 

(viii) ATTORNEY /AGEtrr IKFORMATION : 
m HiasE: HAKE. RICHARD A 
(B) ESGISTRATIOi! HUMBBR: 37,343 
fC) HSFSRStfCE/DOCKET SOMBER: 5605 

(ix) TELSCOMMUKTCATION IJJFOKMATIOB; 

(A) TELEPHOME; {SX3J -627-0087 

(B) TELEFAX; {S13) -627-0260 


U) INFORMATION FOR SEQ 10 KO:lt 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 279 amino acids 

(B) TYPE: amino acid 

(C) STRAM>SI>RESS : single 
iD) TOPOLOGY; linear 


ixi) SEQUENCE DESCRIPTXOSf : SEQ 10 S0:1: 

Ala Ala Gin Thr Asn Ala Pro Trp Gly Leu Ala Arg lie Ser Ser Thr 
as 10 15 

Ser Pro Gly Thr Ser ISir Tyr Tyr Tyr Asp Glu Ser Ala Sly Gin Gly 
20 25 30 
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Ser Cys 

Phe GlM 
SO 

Asp Gly 
65 

Thr Tyr 
Asp Asp 
?he Vsl 


Val Tvx V&l He Asp Thr Glv 
35 40 

Gly Arg Ala Gin Met Val Lys 
55 

Asn GXy His Gly Thr His Cys 
70 

Gly Val Ala Lys l.ys Thr Gin 


He Glu Ala 

Thr Tyr Tyr 
60 

Ala Gly Thr 
75 

l,eu Phe Gly 
90 

r Thr lie He 
r Asn Cys Pro j 


Ser His Pro Glu 
45 

Tyr Ser Ser Arg 

Val Gly Ser Arg 
80 

Val Lys Val Leu 
95 


r Leu Ser Leu Gly Gly Gly Tyr ! 
I 135 


■ Val Asn Ser Ala 


Asn Asn 1 
Val Cys : 
Ser Asn ' 


t Tyr Asp Arg 
: Phe Gly Pro 


Gly Thr Ser lis 
205 


; Ser Gly Thr Ser 


Gly Lys 
Asn Lys 
Ala Tyr 


I Phe Gly Thr ' 


Asn Asn Tyr Gin Ala 
27S 
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What is Clainned is : 

1. A Proteinase K variant having a modified amino acid sequence of 
Proteinase K wild-type amino add sequence, the wild-type amino acid 
sequence comprising a first loop region, a second loop region, a third loop 
region, a fourth loop region, a fifth loop region and a sixth loop regjon; 
wherein the modified amino acid sequence comprises a substitution at one 
or more positions in one or more of the loop regions; wherein 

A. when a substitution occurs in the first loop region, the 
substitution occurs at one or more of positions 64. 65, 66, 68. 
70 or 71 ; wherein 

a. when a substitution occurs at position 64, the 

substituting amino acid is Asp or Glu; 

b. whet! a substitution occurs at position 65, the 
substituting ammo acid is Giu; 

c. when a substitution occurs at position 66, the 
substituting amino acid is Asn, Asp. Gin, Giu, Pro or 
Ser; 

d. when a substitution occurs at position 68, the 
substituting amino acid is Asn. Asp, Gin, Glu, Pro or 
Ser; 

e. when a substitution occurs at position 70, the 
substituting amino acid is Asn Asp. Gin, Glu Pro or 
Ser; and 

f. when a substitution occurs at position 71, the 
substituting amino acid is Asn. Asp, Gin, Giu. Pro or 
Ser; 

B. when a substitution occurs in the second loop region, the 
substitution occurs at one or more of positions 95. 96, 97, 98, 
100, 102, 103, 104, 106 or 107; wherein 

a. when a substitution occurs at position 95, the 
substituting amino acid is Ala, Asn. Asp, Cys, Gin, Gfu, 
G!y, His, Met, Pro, Ser or Thr; 

b. when a substitution occurs at position 96, the 
substituting amino acid is Ala, Asn, Asp, Cys. Gin, Glu, 
Gly. His, lie, Met, Pro, Ser , Thr or Vat: 

c. when a substitution occurs at position 97, the 
substituting amino acid is Glu; 
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d, when a substitution occurs at position 98, the 
substituting amino acid is Giu; 

e. when a substitution occurs at position 100, the 
substituting amino acid is Asn, Gin, Pro or Ser, 

f when a substitution occurs at position 102, the 
substituting amino acid is Asn, Gin, Giu, Pro or Ser; 

g. when a substitution occurs at position 103, the 
substituting amino acid is Asn or Ser; 

h. when a substitution occurs at position 104, the 
substituting amsno acid is Asp, His, lie, Leu, Met, Pro or 
Val; 

t. when a substitution occurs at position 106, the 
substituting amino acid is Asn, Gin, Gly, Pro or Ser; and 

j. when a substitution occurs at position 107, the 
substituting amino add is Aia, Asn. Cys. Gin, Giy, His, 
Leu, Met, Pro, Ser, Thr or Vai; 

>a^en a substitution occurs in the third loop region, the 

substttution occurs at one or more of positions 133, 134, 136, 

137, 138, 139 or 140; wherein 

a. when a substitution occurs at position 133, the 
substituting amino acid is Ala, Asn, Cys. Gin. Gly. His. 
Met. Pro, Ser, Thr or Vai; 

b. when a substitution occurs at position 134, the 
substituting amino acid is Asn, Asp, Gin, Glu. Pro or 
Ser; 

c. when a substitution occurs at position 136, the 
substituting amino acid is Asn, Asp, Gin, Giu, Pro or 
Ser; 

d. when a substitution occurs at position 137, the 
substituting amino acid is Asp, His. He, Leu. Met or Pro; 

e. when a substitution occurs at position 138, the 
substituting amino acid is Asp or Giu; 

f. when a substitution occurs at position 139. the 
substituting amino acid is Asp or Glu; and 

g. when a substitution occurs at position 140. the 
substituting amino add is Asp or Glu; 
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when a substitution occurs in the fourth Joop region, the 
substitution occurs at one or more of positions 161, 162, 163, 
164. 165, 166. 167. 168, 169 or 170; wherein 

a, when a substitution occurs at position 161, the 
substituting amino acid is Gin; 

b, when a substitution occurs at position 162, the 
substituting amino acid is Asp, Gin, Giu or Ser; 

c, when a substitution occurs at position 163, the 
substituting amino acid is Asp. Gin, Giu or Ser; 

d when a substitution occurs at position 164, the 
substituting amino acid is Asn, Asp, Gin, Giu, Giy, His, 
Pro, Ser or Thr; 

e. when a substitution occurs at posrtton 165, the 
substituting amino acid is Giu; 

f. when a substitution occurs at posttion 166, the 
substituting amino acid is Asn, Asp, Gin, Giu, Gly, His, 
Pro. Ser or Thr; 

g. when a substitution occurs at position 167, the 
substituting amino acid is Asp or Giu; 

h. when a substitution occurs at position 168. the 
substituting amino acid is Asp, Gin, Giu or Ser; 

i. when a substitution occurs at position 169, the 
substituting amino add is Asp, His, tie. Leu, Met or Pro; 
and 

j. when a substitution occurs at position 170. the 

substituting amino acid is Asp or Gtu, 
when a substitution occurs in the fifth loop region, the 
substitution occurs at one or more of positions 190, 192. 193 
or 1 94: wherein 

a, when a substitution occurs at position 190, the 

substituting amino acid is Asp or Giu; 
b when a substitution occurs at position 192, the 

substituting amino acid is Asn, Cys, Gin, His, lie. Met, 

Pro, Thr. Tyr or Val; 
c. when a substitution occurs at position 193, the 

substituting amino acid is Asp or Giu; and 
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d. when a substitution occurs at position 194, the 

substituting amino acid is Asp. Gin. Gtu or Ser; and 
when a substitution occurs in the sixth Joop region, the 
substitution occurs at one or more of positions 203, 204, 205, 
206, 208, 209, 210, 211, 212, 213, 214, 215, 21$, 217, 218. 
219, 220. 221 , 222 or 223; wherein 

a.' when a substitution occurs at position 203, the 
substituting amino acid is Asn, Asp, Gin, Glu, Pro or 
Ser; 

b- when a substitution occurs at position 204, the 
substituting amino acid is Asn, Asp, Gin, Glu, Gly or 
Ser; 

c. when a substitution ocojrs at position 205, the 
substituting amino add is Asn. Asp, G!n, Giu. Pro or 
Ser; 

d. when a substitution occurs at position 206, the 
substituting amino acid is Asn, Asp, Gin. Giu, Gty, Pro 
or Ser; 

e. when a substitution occurs at position 208. the 
substituting amino acid is Ala, Asn. Asp, Cys, Gin, Giu. 
Gly. His. teu, Met, Pro. Ser, Thr or Val; 

f. when a substitution occurs at positron 209, the 
substituting amino acid is Ala, Asn, Asp, Cys, Gin, Glu, 
G!y. His, lie. Met, Pro. Ser. Thr or Vai; 

g. when a substitution occurs at position 210, the 
substituting amino acid is Asp or Giu, 

h when a substitution occurs at position 211, the 
substituting amino acid is Asn, Asp, Gin, Giu, Pro or 
Ser: 

i- when a substitution occurs at position 212, the 

substituting amino acid is Asp or Glu, 
j, when a substitution occurs at position 213, the 

substituting amino acid is Ala, Asn, Asp, Cys, Gin, Glu, 

Gly, His, Leu, Met, Pro. Ser, Thr or Vai; 
k. when a substitution occurs at position 214, the 

substituting amino acid is Asn, Gin, Pro or Ser; 
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1, when a substitution occurs at position 215, the 
substituting amino acid is Asn, Asp. Gin. G!u, Pro or 
Ser; 

m. when a substitution occurs at position 216, the 

substituting amino acid is Asp or Glu; 
n, when a substitution occurs at position 217, the 

substituting amino acid is Asn, Asp, Gin. Gtu. Gly. Pro 

or Ser; 

o. when a substitution occurs at position 218. the 

substituting amino acid is Asp or Glu; 
p. when a substitution occurs at position 219, the 

substituting amino acid is Asp or Giu; 
q, when a substitution occurs at position 220, the 

substituting ammo acid is Aia, Asn. Asp, Cys Gin, Glu. 

Gly. His. Leu, Met. Pro, Ser. Thr or Val; 
r. when a substitution occurs at position 221, the 

substituting amino add is Asp or Glu; 
s. when a substitution occurs at position 222, the 

substituting amino acid is Asn, Asp, Gin. Glu, Pro or 

Ser; and 

t. when a substitution occurs at position 223. the 
substituting amino acid is Asn Asp, Gin, Gtu. Pro or 
Ser; 

whereby the Proteinase K variant has decreased adsorption to, and 
increased hydrolysis of, an insoluble substrate as compared to wtid-type 
Proteinase K 

2. The Proteinase K variant of Claim 1, wheretn one or more 

substitutions occur in the first ioop region 

3. The Proteinase K variant of Claim 1, wherein one or more 
substitutions occur in the second loop region. 


4, The Proteinase K variant of Claim 1. wherein one or more 
substitutions ocoir in the third ioop region. 
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5. The Proteinase K variant of Ctaim 1, wherein one or more 
substitutions occur in the fourth ioop region, 

6. The Proteinase K variant of Cfaim 1, wherein one or more 
substitutions occur in the fifth toop region. 

7. The Proteinase K variant of Ciaim 1, wherein one or more 
substitutions occur in the sixth loop region. 

8 A cleaning composition selected from the group consisting of a hard 
surface cleaning composition, a dishwashing composition, an ora! cleaning 
composition, a denture cleansing composition, a contact iens cleaning 
composition and a fabric cleaning composition, characterised m that the 
cleaning composition comprises the Proteinase K variant of any of Ciaims 1- 
7 and a cleaning composition carrier; preferably the cieaning composition is 
a hard surface cleaning composition or a fabric cleaning composition; 
preferably the composition comprises at least about 5% surfactant and at 
least about 5% builder, by weight of the composition; preferably the 
composition further comprises cleaning composition materials selected from 
the group consisting of sofvents, buffers, enzymes, soil release agents, clay 
sot! removal agents, dispersing agents, brighteners. suds supressors, fabric 
softeners, suds boosters, enzyme stabilizers, bleaching agents, dyes, 
perfumes, and mixtures thereof. 

9, A DNA sequence encoding the Proteinase K variant of any of Claims 
1-7. 


